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ALTERNATIVE FORECASTS OF CANADIAN WATER USE, 1981-2011 
Forecasts for Canada, its Regions and Major River Basins 


by 
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Inland Waters Directorate 
Environment Canada 
May, 1985 


Note: The sum of the river basin water use quantities may not add 
to the corresponding regional total due to rounding and to 
minor inaccuracies in the proportions used to break the 
regional data down into the constituent river basins. In 
most cases, such errors are under 1% on regional totals. 
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Appendix 
The Appendix contains data for Canada, the British Columbia Region, the 
Prairie Region, the Ontario region, the Quebec Region, the 
Atlantic Region and river basins in million cubic metres (MCM) per year. 
They are tabulated in the following order: 


Canada 


British Columbia Region 


Basin | - Pacific Coastal 

Basin 2 - Fraser - Lower Mainland 

Basin 3 - Okanagan 

Basin 4 - Columbia 

Basin 5 - Yukon 

Basin 6 - Peace-Athabasca River in British Columbia Region 


Prairie Reqion 


Basin 6 - Peace-Athabasca River in Prairie Region 
Basin 7 - Mackenzie 

Basin 8 - Arctic Coastal - no data available * 
Basin 9 - Milk 

Basin 10 - North Saskatchewan 

Basin 11A - Red Deer 

Basin 118 - Bow 

Basin 11C = Qldman 

Basin 11D - South Saskatchewan 

Basin 12A - Old Wives Lakes 

Basin 126 - Qu'Appelle 

Basin 12C = Souris 

Basin 12D ~- Assiniboine 


Basin 12E - Pembina 
Basin 12F - Red 


Basin 13 - Winnipeg River in Prairie Region 
Basin 144 - Lower Saskatchewan 

Basin 14B - Manitoba Lakes 

Basin 14C ~- Nelson 

Basin 15 - Churchill - no data available * 
Basin 16 - Keewatin - no data available * 


Ontario Region 


Basin 13 - Winnipeg River in Ontario Region 
Basin 17 - Northern Ontario 

Basin 19A - Lake Superior 

Basin 19B - Lake Huron 

Basin 19C = Lakes St; Disir & Erie 

Basin 19D - Lake Ontario & Upper St. Lawrence 
Basin 20 - Ottawa River in Ontario Region 


* As no data was available for these basins, they were not included. 


Quebec Region 


Basin 18 
Basin 20 
Basin 2] 
Basin 22 


- Northern Quebec 

- Ottawa River in Quebec Region 
- St. Lawrence 

- North Shore & Gaspé 


Atlantic Region 


Basin 23 
Basin 24A 
Basin 248 
Basin 24C 
Basin 25 


The tables 


Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 
Summary of 


The reader 
rounding. 


- Saint John and St. Croix 
- New Brunswick Coastal 

- Nova Scotia 

- Prince Edward Island 

- Newfoundland - Labrador 


are organized under the following titles: 


Water Intake by Scenario and Year, 1981-2011 

Gross Water Use by Scenario and Year, 1981-2011 

Consumptive Water Use by Scenario and Year, 1981-201] 
Agricultural Water Intake by Scenario and Year, 1981-2011] 
Agricultural Gross Water Use by Scenario and Year, 1981-2011 
Agricultural Consumptive Use by Scenario and Year, 1981-2011 
Mineral Extraction Water Intake by Scenario and Year, 1981-2011 
Minteral Extraction Water Use by Scenario and Year, 1981-2011 
Mineral Consumptive Use by Scenario and Year, 1981-201] 
Manufacturing Water Intake by Scenario and Year, 1981-2011 
Manufacturing Gross Water Use by Scenario and Year, 1981-2011 
Manufacturing Consumptive Use by Scenario and Year, 1981-2011 
Power Generation Water Intake by Scenario and Year, 1981-2011 
Power Generation Gross Water Use by Scenario and Year, 1981-2011 
Power Generation Consumptive Use by Scenario and Year, 1981-2011 
Municipal Water Intake by Scenario and Year, 1981-2011 

Municipal Gross Water Use by Scenario and Year, 1981-201] 
Municipal Consumptive Use by Scenario and Year, 1981-2011 


is asked to bear in mind that the totals may not add due to 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
CANADA (MCM/YEAR) 


SCTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 


micul 3) 25 3125 Sle 3125 3125 
neral 648 648 648 648 648 
inufact 10201 LOZ On 10201 O22 OM PO? Ow 
wer PO27 8 |} 19281 OFZ Sl 192.801 19281 
nicipal 4263 4263 4263 4263 A oY S' 
tal Sie om es 37 Ss oh yf Syiits! 37/5108 SH SUE 
1991 
iricul 399] 3369 3953 3670 4323 
ineral 912 843 Oule2 810 1030 
inufact 12602 107 Ov 13066 ie getey 13601 
wer 24216 D253 2's) 27189 Popes 2) 25867 
micipal Su 4514 5391 4877 5454 
ital 46878 41848 SiO) 43641 SiO aS 
2001 
tTicul 4851 3249 4890 4120 5706 
neral Ves S: Oa 1295 1096 1434 
Mufact 15954 Vie 2 16998 LS} Syishe) 18695 
wer 30906 25:88:05 Shy ee DAs pes, 34482 
Mmicipal 5:93] 4366 6597 5218 6694 
ital 58897 45589 on//) 2 PD 51599 67011 
201) 
macul 58907 2800 5996 4561 alles 
Neral 1/733 1279 1925 P3Be 1840 
Mufact ZO 2H & LOS OH 22216 je Syaitey 7 23814 
wer 39558 ZO Voie 52074 31947 43267 
Micipal 6869 3984 8458 5662 8005 
ital 1 43a) 47738 90879 58719 84039 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
CANADA (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN. 3 SCEN. 4 SCEN.5 


Le ol 
Agricul BileZes S25 Siz SiS © up: 
Mineral 3440 3440 3440 3440 3440 
Manufact 21459 21459 21459 21459 21459 
Power 2rlele4:9 21149 ZAM EaS, FEM MER, 21149 
Municipal 4263 4263 4263 4263 4263 
Oa 53436 DIS 4 30 53436 53436 53436 
199] 
Agricul 3991 3369 She) iy) 367 © a2 
Mineral 4659 4294 4944 anes 5282 
Manufact 26699 DES ANE: BIE DC 24855 2879] 
Power 26648 PLEAS TN 30036 24768 28499 
Municipal Sloe ay I 5391 4877 5454 
Total swiiCay 5956] 71788 Oa HS 72349 
2001 
Agricul 4851 3249. 4890 4 WA, 5706 
Mineral 6380 SAY, I Sis) 7/ Sy Soe: WPS 
Manufact 33966 Pio e's) B)Sysn ll DEST NP 39867 
Power Stee iO) il 28472 WAS iS SO) S) Sy 38083 
Municipal 5931 4366 6597 5281 6694 
Oita 85229 64931 96240 74029 OF/E51915 
2011 
Agricul 5897 2800 5996 4561 Pe 3 
Mineral Si/a/a/ 6473 11768 7026 F932 
Manufact 43412 22407 5 47429 321/07, 51066 
Power 43762 S2278 58090 8521910) 47872 
Municipal 6869 3984 8458 5662 8005 
Total IOBI AZ 67710 LeI7 4a 84646 123248 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-2011 
CANADA (MCM/YEAR) 


ECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
ricul 24 V2 BEB 2412 2412 PEND: 
neral 19 179 NOTES, L/S e7e9 
nufact S07, 507 By) 7/ 507 5:07 
wer 168 168 168 168 168 
ynicipal 640 640 640 640 640 
tal es AON) 3906 3906 3906 3906 
199) 
ricul 3089 2629 3101518 2837 3345 
meral AL SV 22.0 PREYS 270 268 
nufact 639 578 665 Sy 2 685 
mer 209 196 25313 174 PDAS 
nicipal yi oar 669 776 698 UIES 
otal 4911 4292 4057 7 444] 5298 
2001 
gricul 3:7/5:6 25.16 BF ey il 3188 4416 
lineral 3210 267 346 BUS 368 
anufact 812 583 900 683 96] 
ower 269 ILS. Stoke 24] Su) 
wnicipal Soa ee ilk Cin 756 944 
‘otal 6008 UN 2 Gy shil@ 5141 6990 
2701) 
Beicul 4567 2168 4647 B33 5809 
‘ineral 433 320 509 336 467 
lanufact 1038 ial Ne Zea 758 2a, 
‘ower 349 2515 9/5, 281 378 
lunicipal 976 56> il PASO 813 i AE 
‘Otal rhe ers' 3882 8074 Sy iivaul 9025 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 


CANADA (MCM/YEAR) 


YEAR 
1981 
| Be 
2001 
2011 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 


SCEN.1 
Sa. 
S391 
4851 
5897 


CANADA (MCM/YEAR) 


YEAR 
Poet 
We ee 
2001 
2021 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 


SCEN. 1 
cM EP) 
Boro! 
4851 
5897 


CANADA (MCM/YEAR) 


YEAR 
29S 
1) 
200] 
2D 


SCEN, 1 
earee 
5089 
S750 
4567 


SUMMARY OF MINERAL 
CANADA (MCM/YEAR) 


YEAR 
ys 1 
1991 
2001 
20} 


SCEN. 1 
648 
2 
Zoo 
W733 


SUMMARY OF MINERAL 
CANADA (MCM/YEAR) 


YEAR 
P9681 
i99] 
2001 
2011 


SUMMARY OF MINERAL 


SCEN «1 
3440 
4659 
6380 
S7ae 


CANADA (MCM/ YEAR.) 


YEAR 
198] 
1991 


200] 


>) t 7 
1 


#£vUa 


SEINE S Wl 


SCEN.2 
<p ye. 
5269 
3249 
2800 


SGEN. 2 
oe We, 
3316.9 
3249 
2800 


SGEN 2 
24102 
2623 
PaO 
2168 


SCEN.3 
oi 2a 
Seeks 
4890 
52 9G 


SCENwo 
eevee) 
39°33 
4890 
5996 


SCEN #3 
2O0 2 
3058 
37 87 
4647 


SCEN.4 SCEN.5 


1 Gree 
3670 
4120 
4561 


Shea 
4323 
5706 
Palais 


SCEN.4 SCEN.5 


325 
3670 
4120 
456] 


3:15 
4323 
5706 
Dial 


SCEN.& SGEN..5 


2612 
2839 
3188 
CERES 


pee 
3345 
4416 
SON 


EXTRACTION WATER INTAKE BY SCENARIO 


SCEN.2 
648 
843 
1047 
Grae, 


SCEN.3 
648 
912 
1235 
Po 


SGE Ni. 4: tS CEN. .5 


648 
810 
1096 
E382 


648 
1030 
1434 
1840 


AND YEAR, 


L9Si=20)1 


LOSi—Z2011 


19Sc¢e20id 


P98l<Z20T I 


EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


SCEN. 2 
3440 
4294 
$329 
6473 


SCEN. 3 
3440 
4944 
7387 

11768 


SCEN.4 SCEN.5 


3440 
4103 
5564 
7026 


3440 
2292 
71245 
9192 


EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


SCEN, 2 
179 
can 
267 
320 


SCEN SS 
179 
pa Ve 
346 
509 


SCEN.4 SCEN.5 


be 
Za0 
ye a 
336 


P79 
268 
368 
467 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201) 


| 


SUMMARY OF POWER GENERATION 


CANADA (MCM/YEAR) 

YEAR SCEN.1 SCEN.2 
1981 21249 21249 
199] 26648 24571 
2001 34101 28472 
2011 43762 32276 


SUMMARY OF POWER GENERATION 


CANADA (MCM/YEAR ) 

YEAR SCEN.1 SCEN.2 
198] 168 168 
199) 209 196 
2001 269 225 
2011 349 258 


5CEN.3 SCEN.«4.SCEN.5 
a EE Z12e8 21249 
30030 24768 28499 
WLS SS 30332 38083 
58090 3929.0 47872 


CONSUMPTIVE USE BY SCENARIO AND YEAR, 


SCEN., 3 SCEN.4 SCEN.5 
168 168 168 
233 174 225 
334 24] 30] 
475 281 378 


CANADA (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 

198) 10201 10201 1020] 10201 10201 

199) 12602 10797 13066 11763 13601 

2001 15954 Delmer? 16998 Ps5o3 18695 

2011 20274 10501 22426 15167 23814 
SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
CANADA (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 

198] 21459 21459 21459 21459 21459 

P59. 1 26699 22503 2747.0 24355 28791 

2001 33966 2e3 SES BO Siles PEAT AL A 39867 

2011 43412 Paes 47429 3.2107 51066 
SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
CANADA (MCM/YEAR) 
YEAR SCENT I SCENZ Serer SCEN..4 SGEr. 5 

198] 507 507 S07 57 507 

199] 639 578 665 522 685 

2001 812 583 900 683 961 

2011 1038 Lye ios 758 L247 
SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
CANADA (MCM/YEAR) 
YEAR SCEN.1 SCEN. 2 SCEN 3 SCEN.4 SCEN.5 

1981 19381 1938] 19381 19381 19381 

199] 24216 22325 27189 22524 25867 

2001 30906 25805 37442 27519 34482 

2011 39558 29174 52074 31947 43267 

GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


1981-2011 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO“AND*YEARY T9YST-Z014 


CANADA (MCM/YEAR) 


YEAR SCEN.1 SCEN 2 SCEN.3 SCEN.4 SCEN SS 
1951 4263 4263 4263 4263 4263 
1 he ip Re Ted 4514 yao 4877 5454 
2001 Sia 4366 6597 5281 6694 
2011 6869 3984 8458 5662 8005 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 
CANADA (MCM/YEAR) 


YEAR SCEN.1 SCENS2 SCGNa 3 SCEN.4 SCEN.5 
1981 4263 4263 4263 4263 4263 
1991] 5157 4514 a9 ) 4877 5454 
2001 ey 2o)! 4366 6597 5261 6694 
2TH 6869 3984 8458 5662 8005 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR; 
CANADA (MCM/YEAR ) 


YEAR SCEN.«1 SOE Nae B CEN SCEN«4° SCENGO 
1 Sei! 640 640 640 640 640 
Ne Ack i379 669 776 698 Pig: 
2001 Soll aj Ce cae 756 944 
2011 976 Maye 123.0 aia ies 1124 


VISt=20i 


PVs l-Z2ord 


SUMMARY OF WATER INTAKE 


BY J 
a Serine ts Catenin SCENARIO AND YEAR, 1981-20)])] 
Rete SCEN.1 SCEN.2 SCEN.3 SCEN. 4° ‘SCEN.5 
gricul 545 545 545 545 545 
ineral ISS 135 13:5 13'5 135 
anufact 2192 2192 2192 2192 2192 
ower 360 360 360 360 360 
unicipal 558 558 558 558 558 
otal . 3789 3789 3789 3789 3789 
199] 
gricul 660 557 660 62] 715 
ineral 239 es 236 210 a a. 
anufact 2598 2180 2649 2387 2869 
ower 435 40) 496 409 466 
unicipal 674 590 754 631 I PEG, 
otal 4608 3950 4798 4257 5043 
2001 
tricul 793 531 793 683 932 
neral 351 293 349 304 402 
inufact cyae ot 20 3344 2720 8771 
wer 554 462 691 496 615 
inicipal 79) 582 1009 694 902 
ital 5700 3989 6186 4897 6623 
2011 
iricul 952 452 952 742 1148 
ineral S15 380 5155 399 534 
imufact 3976 1830 4282 3012 4538 
wer 707 So 979 572 By 
imicipal 935 542 1448 756 1080 
ital 7085 3726 8177 548] 8057 


SUMMARY OF GROSS WATER USE” BY 


SCENARIO AND YEAR,1981-2011, 
B.Ca- RECTION (MCM/YEAR) 
SECTOR VR SGEN SHO 6 SIGEAN as SCEN, 4 SIGE Nees 
1981 
Agricul 545 545 545 54:5 545 
Mineral 488 488 488 488 488 
Manufact 4901 4901 4901 490] 4901] 
Power 360 360 360 360 360 
Municipal 558 558 558 558 a 6 
bond ote 6851 6851 685] 685] 6851 
199) 
Agricul 660 Sty 660 621 TES 
Mineral 861 794 S57 jist, 980 
Manufact 5655 5027 5933 5429 6375 
Power 35 401 496 409 466 
Mungveipel 674 590 754 631 720 
Total 8486 7269 8701 7845 9256 
ZOOn 
Agricul 793 ee 793 683 932 
Mineral It 2 Site! Oy Sy a L255: 1090 1446 
Manufact 7291 4848 TS05 6126 8596 
Power 5) by 462 69] 496 onlay 
Miundedpal 79] 582 1009 694 902 
Teeal 10687 7474 PY252 9088 12491 
20:1) 
Agricul 952 452 952 DA? 1148 
Mineral 1843 359 1847 1426 1918 
Manufact 9094 4252 9604 6736 10483 
Power 707 . 52] 979 S72 oh 
Municipal 935 542 1448 756 1080 
Total T3630 7129 14831 FO232 15386 


SECTOR/YR 
198) 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


199] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


mot a) 


2011 
mericul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF CONS) 
REGION 


B.C. 


SCEN.1 


598 


443 
38 
EO} 
28 
119 


729 


DI2 
56 
129 
Ee: 
140 


893 


MPTIVE WATER USE 


(MCM/YEAR) 


SCEN.2 


304 
15 
66 
18 
84 


487 


21% 
24 
68 
20 
88 


5) OY: 


ho 


WMA wwo 
SEG: (OOO RS Sa 


508 


253 
42 
62 
26 
81 


464 


SCEN.3 


BY SCENARIO AND YEAR, 198]- 


SCEN.4 


304 
15 
66 
18 
84 


487 


347 
23 
76 
20 
o5 


ao 


Sey 
33 
84 
ras, 

TOR 


628 


414 
44 
91 
29 

bis 


69] 


SCEN.5 


304 
iS 
66 
18 
84 


487 


400 
30 
84 
23 

108 


645 


520 
44 
119 
aa 
135 


850 


64] 
59 
146 
38 
162 


1046 


2011, 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


B.C. REGION (MCM/YEAR) 

YEAR SCEN.] SCEN,.2 SCEN. 3 SCEN.4 SCEN.5 
198] 545 545 545 545 545 
199] 660 Joe 660 621 715 
2001 793 aa) 793 683 232 
2011 Boz 452 952 742 1148 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 


B.C. REGION (MCM/YEAR) 

YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
P88 545 545 545 545 545 
1991] 660 aye? 660 G21 ja 
2001 793 pat no 683 oe 
2011 eps 452 a2 742 1148 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-201] 
B.C. REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN, 2 SCEN. 3 SCEN.4 SCEN.5 
1981 304 304 304 304 304 
Be Be St 369 ay 369 347 400 
2001 443 ao 443 38] 520 
2015 Dive AOS sees 414 64] 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
B.C. REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCE Nasa SCEN.4 SCEN.5 
1981 HIS Phe} 35 135 ee 135 
es Bl 239 oad 238 20) 272 
2001 557) 29.3 349 304 402 
2011 515 = 4380 be 399 534 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2019 
B.C. REGION (MCM/YEAR) 


YEAR SCENS 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
i361 488 488 488 488 488 
Lao 861 794 857 135 980 
2001 1Z5s 105%) Leoo 1090 1446 
204 4 1843 3.59 1847 1426 1918 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-20 
B.C. REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
198] 1a 15 15 iS 1 
1991 26 24 26 Ao 30 
2001 38 a2 39 ao 44 


2011 56 42 57 44 59 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-20]] 
B.C. REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.S 

| 1981 2192 aoe 2192 2192 2192 
1991} 2598 2180 2649 2387 2869 
2001 S219 2120 3344 2720 a7 4s 
2011 3976 1830 4282 3012 4538 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
B.C. REGION * (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 4901 4901 4901 4901 490] 
199] J635 4927 3933 5429 6375 
2001 A291 4848 7505 6126 8596 
2011 9094 4252 9604 6736 10483 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-201] 
B.C. REGION (MCM/YEAR) 


YEAR SCE Me] SGEN. 2 DEN cad SCEN.4 SCEN.5 
198] 66 66 66 66 66 
Ne Be ge 80 68 81 76 84 
2001 LL 68 104 84 Li9 
ull 129 62 136 a4 146 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-20) 
B.C. REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 360 360 360 360 360 
199) 435 40] 496 409 466 
2001 554 462 691 496 615 
2011 707 ean 979 ey fs IBF 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
}.C. REGION (MCM/YEAR) 


‘EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 360 360 360 360 360 
199] 435 401 496 409 466 
2001 554 462 69] 496 615 
2011 707 ae1 979 a Poe 


UMMARY OF POWER GENERATION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
-C. REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
198] 18 18 18 18 18 
199) 22 20 Pies, 20 i 
200) 28 23 35 25 31 
2011 35 26 49 29 38 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 
B.C. REGION 


YEAR 
1981 
oe i 
2001 
2011 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 
B.C. REGION 


YEAR 
1981 
199] 
2001 
ZO 14 


SCEN.1 


SCEN. 1 


(MCM/YEAR) 
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SUMMARY OF WATER INTAKE BY SCEN 


BASIN 1] = 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 1d. — PACIFIC COASTAL. CMCM/(YEAR) 


SECTOR/YR SCEN. 2 SCEN.2 od Bel 2S SCEN.4 SCEN.5 
1981 
Agricul 0 0 0 0 0 
Mineral 89 89 89 89 89 
Manufact 3201 820 1 3201 320 S203 
Power 360 360 360 360 360 
Municipal 102 102 102 102 POY 
tho tal age) | ST Gd Sein SiS) Sfal 
199] 
Fa oe oe bw 0 0 0 0 0 
Mineral 159 146 ES 139 181] 
Manufact 38.10 3194 3834 3.534 4160 
Power 435 401 496 409 466 
Mund ep ait 2S) 108 139 Wie see 
Total 4528 3850 4627 4197 4938 
2001 
Agricul @) Q 0 QO 0 
Mineral 203 iS boo 230 202 267 
Manufact 4738 ; OE | 4807 3996 5549 
Power 554 462 69] 496 615 
Municipal 145 107 188 128 164 
petal 5669 3883 5.977 4822 6595 
2011 
Agricul 0 0 0 0 0 
Mineral 343 253 338 266 aoe 
Manufact 590] 2698 6071 4393 667 3 
Power 707 521 979 572 Lou 
Municipal 1: 100 273 140 196 
Total Oil oe 3502 7661 Soil 7982 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011, 


BASIN I = PACIFIC COASTAL (MCM/YEAR) 
STOR/YR SGENwE SCEN.2 SCENwo So GteNierd “SCHEIN -5 
1981 
pcul ¢) @) ) 0 0 
1eral 0 0 0 0 (@) 
tufact 36 36 36 36 36 
yer 18 18 18 18 18 
licipal 15 15 cS BS 15 
ral 69 69 69 69 69 
199] 
fpicul 0 (@) @) 0 0 
1eral Map &: 0 ¢) @) 0 0 
lufact 44 Si 44 42 46 
yer 22 20 25 20 23 
licipal 18 16 21 ee | 20 
fal 84 aes 90 80 89 
2001 
ficul 0 0 0 0 0 
leral 0 @) @) @) @) 
Bifact 56 Shi 56 46 65 
ler 28 23 35 BS Syl 
licipal 22 16 28 19 Z5 
al 106 76 119 90 P20 
OLY 
acul 0 0 0 0 0 
leral 0 @) 0 0 ¢) 
mfact Fen 34 WD 50 79 
ler 35 26 49 29 38 
licipal 26 ie) 4] 22 29 
al ie 75 162 99 147 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


YEAR SCEN 1 SCEN 2 SCEN.s3 SCEN.4& SCEN, 5 
1981 0 0 0 0 0 
ie eB! 0 0 0 0 0 
2001 0 0 0 0 0 
201.1 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


YEAR SCEN.1 SGEN eZ SCEN. 2 SCEN.4 SCEN.5 
Losi 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEARY 22oi-2o) 
BACIM 1) = PACIFIC COASTAL (MCM/YEAR) 


YEAR EO 2? sires SCL N 2 Sere SCEN «4  Steh. 5 
1981 0 0 0 0 0 
1 ela 0 0 0 0 0 
2001 0 0 0 0 0 
201] 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, PosT=2Z014 
BRoUN Hoe IPACI PI CGrGOASTAL CMCM/PYEAR ) 


YEAR SCEN.1 SCEN.2 SCENG SCEN.4 « SCEN <5 
1981 32 32 a2 32 a2 
aa sf 53 56 50 65 
2001 84 70 83 Tae 96 
Le ee 91 vi22 96 128 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201 
BASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


YEAR SCEN.1 Sch Ni SCEN. 3 SGEN 42 Ss GE Ne. 
roel 89 89 89 89 89 
1991 es, 146 Lod 139 181 
2001 235 oe 230 202 267 
2011 343 230 338 266 353 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 198 l=g 
BASIN f= PACIFIC “COASTAL S UMCH PY EAR) 


eer ACR: SIGE Nien Sie SCEN..S SIGE Nias SCEN. 
VCRs 0 0 @) @) @ 
1991] 0 0 0 0 0 
2001 0 0 0 0 0 
0 0 0 @) 0 


2011 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 198]-20)] 
BASIN 1 = PACIFIC COASTAL (MCM/YEAR) 


YEAR SCEN.1] SCEN.2 SCEN, 3 SCEN.4 SCEN.5 
1981 1632 1632 1632 1632 1632 
1991] 1927 161] 1950 1759 2ra? 
2001 2369 1549 2431 2013 2778 
2011 2920 1314 3060 2238 3307 


SUMMARY OF MANUFACTURING GROSS WATER USE BY “SCENARIO AND YEAR, 198]-2011 
BASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


YEAR > SUBMAL SCEN.2 SCEN.3 SCEN.4 . SCEN.5 
198] 3201 3201 3201 3201 3201 
199] 3810 3194 3834 3534 4160 
2001 4738 3119 4807 3996 5549 
2011 5901 2698 6071 4393 6673 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND TEAR,” 1981-207} 
Saati = FPACTFIC COASTAL (MCM/YEAR) 


YEAR SCEN. 1 SGEN: 2 SCEN, 3 SCEN. a: ~ SCEN.S 
1981] 36 36 36 36 36 
199] 44 ce 44 42 46 
2001 56 Boz 56 46 65 
2011 a 34 i2 50 Ps) 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-20)1 
BASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4. SCEN. 5 
1981 360 360 360 360 360 
1991 435 401] 496 409 466 
2001 554 462 69] 496 ole 
2011 707 Jat 979 572 iad 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
3ASIN 1 - PACIFIC COASTAL (MCM/YEAR) 


TEAR SCEN.1] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 360 360 360 360 360 
4321 435 40] 496 409 466 
001 554 462 691 £28 $13 
2011 707 ae | 979 a 


SUMMARY OF POWER GENERATION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
ASIN 1 = PACIFIC COASTAL (MCM/YEAR) 


‘EAR SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 18 18 18 18 18 
199] 22 20 ae 20 23 
200] 26 is ae pe a3 
2011 Be 26 49 29 38 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 
(MCM/YEAR) 


BASIN: 1] = PACIFIC COASTAL 
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2001 145 
2011 Life 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 


BASIN 1 = PACIFIC COASTAL 
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SUMMARY OF MUNICIPAL WATER CONSUMPTION BY SCENARIO AND YEAR, 
(MCM/YEAR) 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-20)] 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


SECTOR/YR ER SCE Nis 2 SCEN.3 SCE Na As as Cr Nie 
1981 
Agricul 258 258 25:8 258 258 
Mineral aE 5) 5] opel Sit 
Manufact 263 263 263 263 263 
Power 0 @) ¢) @) @) 
Municipal 380 380 380 380 380 
OO Coat a. OZ 95:2 O52. 952 952 
1991 
Agricul . Stal ies 264 Shs 294 339 
Mineral ‘ 9] 84 90 80 104 
Manufact 314 267 3297 300 Ss) SiG 
Power @) @) 6) 0) @) 
Municipal 458 401 Bele 429 490 
Tota Paez 6 1016 1240 IILOs 1263 
2001 
Agricul Te 2 cpa 323 44] 
Mineral 54 ee 132 116 ils} 
Manufact 395 DIG 430 B35 459 
Power @) O @) @) @ 
Municipal 538 396 679 47] 615 
Jtveg mesg 1442 1029 ewes eee Ss 1668 
oa 
Agricul 45] 214 451 351 543 
Mineral 196 ES 194 Se 21s 
Manufact 498 246 SI) is! Sho) 3 563 
Power @) @ O @) 0 
Municipal 635 368 969 Sez WS 
total 1780 974 Dal 9'3 3 78 2047 


A-21 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


SECTOR/YR S'CEIN SGEN 2 SGEN. 3 SGENT 4 SCENES 
1981 
Agricul 258 2518 258 258 258 
Mineral 256 256 256 256 256 
Manufact ib sieS Sats SVE Sls PSS 
Power 6) @) 0 @) 0 
Municipal 380 380 380 380 380 
Total 2208 2208 2208 2208 2208 
199] 
Agricul Sys! 264 Sil s' 294 339 
Mineral ASS) 7) (32M E52 400 5:20 
Manufact 1586 iL 3ic4 1616 e457 3 1709 
Power 0 O 0) @) 0 
Municipal 458 401 | 429 490 
orcad 2814 2430 2891 25:97). 3059 
ZOiOn 
Agricul nS Daa BS 83 Ae) 
Mineral @) ff Jl 560 662 582 769 
Manufact 1980 It ahs} @) ZO 1649 2316 2 
Power @) . @ @) ) @) 
Municipal 5} obs! 396 679 es 7h 615 
WOR BS fo BS E6 3778 SOURS 4186 
AOI 3 
Agricul 5) ih 214 451 3\5) i 543 
Mineral 986 UAT 973 765 OZ 
Manufact DEUS L 20 2670 Sse 2961 
Power @) 0 @) @) ) 
Municipal 635 368 969 ea RY. rie 
duoteranl: Uy Sy Utley 2509 5063 3438 Br On 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 2 - FRASER RIVER’ (MCM/YEAR) 


ECTOR/YR SOE sot SCEN. 2 SCEN.3 SICE Naas US CEN. 
1981 
gricul 144 144 144 144 144 
ineral 0 0 0 ) 0 
anufact 18 18 18 18 18 
ower ¢) ) 0 0 0 
unicipal BY 57 aor yi oe 
otal * 219 219 219 219 219 
1991 
gricul Wel aces his 164 189 
ineral 0 0 0 0 @) 
anufact 2 i 18 oy 20 22 
ower 0 0 0 @) @) 
unicipal 69 60 te 64 74 
otal 264 Pepa) 273 248 285 
2001 
gricul 210 140 AWG, 181 246 
ineral @) 0 ¢) @) 0 
anufact 26 18 28 eo) Sul 
ower 0 @) 0 0 @ 
uUnicipal 81 59 WO 71 92 
otal Bhi 7 218 340 27.3 BO 
2011 
gricul 2 52. LAG, 252 196 304 
ineral @) 0 0) 0 0 
anufact 34 16 38 24 39 
ower @) 0) @) 0 0 
unicipal 95 ae 145 rer Pit 
otal 381 191 Ls ZO, 453 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 258 258 258 Vax) 258 
RS 313 264 S83 294 239 
2001 ae Zou <7 ie. 220 44] 
cA 45] 214 45] oh 543 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 258 258 258 258 258 
1991) on 3 264 eu Re. 294 339 
2001 See) 22 S75 323 44) 
20211 451 214 451 pei 543 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND TEAR, 198 13=2014 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


YEAR SCEN< 1 SCEN 2 SEEN eis SCEN.4 SCEN.5 
i9é] 144 144 144 144 144 
1991 Ages 147 bes 164 ces 
2001 210 140 Ze) 18] 246 


ZO Tal Aas 120 Za2 196 304 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 2 - FRASER = LOWER MAINLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
LAS 1 by a a 51 ey 
1991 91 84 90 80 104 
2001 134 1S 13i2 116 153 
20h 196 145 194 Ts 203 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-20 
BASIN 2 - FRASER = LOWER MAINLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.<2 SCEN.3 SCEN.4 SCEN.5 
198] 256 256 256 256 256 
Po 9) 457 42] 452 400 520 
2001 671 560 662 582 769 
2011 986 fi] $73 765 1020 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-% 
BASIN 2 - FRASER - LOWER MAINLAND (MCM/YEAR) 


YEAR SIGE Nea S'GEN REZ S'GE Na SIGE Nera S. GEN) 
198) 0 0 0 0 @) 
ie ee 0 0 0 0 0 
200] @) 0 0 0 0 
SOME @) @ 0 @) 0 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 3 - OKANAGAN (MCM/YEAR) 


SECTORUYR S'CEN.u SCEN.2 SGEN.S SIGEN. 4 =eSGEN. 5 
198] 
Agricul DIS Zi PLS 254 254 
Mineral Shs! B33 315. Sis 33 
Manufact 9 9 9 9 9 
Power 0) 0) 0 @) 0) 
Municipal 29 29 29 29 29 
Total 325 SS 325 325 ya 
199] 
Agricul 308 260 308 290 334 
Mineral 59 Sia 58 By 67 
Manufact al fe) 11 10 11 
Power @) @) 0 0 @) 
Municipal 35 Sl 40 33 38 
Total 413 S55 418 385 450 
2001 
Agricul Ol 248 370 318 /by Bhs 
Mineral 86 Vie 85 “S 99 
Manufact eS g Ws) ie? LS 
Power O 0 0 0 @) 
Municipal 42 on Bie a7 47 
Hoe all Sy Jk i 360 See ay) 596 
2. Oval 
Agricul 444 Pala 444 346 53D 
Mineral e297; 94 125 99 32 
Manufact 16 9 19 ils 18 
Power @) O @) 0) @) 
Municipal 49 29 80 40 56 
Total 636° 342 669 497 741 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 2 SCENs4 _SCEN.S 
ie i 254 254 254 2a4 254 
199] 308 260 308 270 334 
2001 370 248 370 318 435 
ZO11 444 pas ea 444 346 bs Be 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 198]=2011 
BASIN 3 = OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SOEN. 2 SCENS.o SCEN.4 SCEN.5 
1981 254 254 254 254 254 
Lo 1 308 260 308 290 334 
2001 370 248 370 318 435 
PAN 444 Za 444 346 Dis 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN. 1 SGEN.2 SC EIN «3 SCERN. 4) SCE RK. 5 
BEN 142 142 142 142 142 
el a eye 145 yrs 162 186 
2001 207 138 207 L738 243 
OL 248 118 248 vo OBS) 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN C(MCM/ YEAR ) 


YEAR SCE Neal SiCEN. 2 S.CEN. 2 S CEN. 4 gjeChN.o 
L981 i Re, a, 19 LS 
19:9) 34 oy 34 30 39 
2001 50 42 49 43 Su 
oh) Les 54 72 57 76 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1L9el=28 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1] SCEN@ 2 SCENwS SCENs4, SGEN. 5 
LO St oe is 33 33 33 
L991 59 54 58 22 67 
2001 86 We 85 75 29 
20d 127 94 1235 O95 P32 


SUMMARY OF MINERAL EXTRACTION WATER -CONSUMPTION BY SCENARIO AND YEAR, 19812 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SBCEN. 2 SCEN.3 SCEN.4 SCEN,.5 
198) 0 0 0 0 0 
1 Be 0 0) 0 0 0 
2001 0 0 0 0 0 
ZOU 1 0 0 0 0 0 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN,4  SCEN.5 
1981 7 7 7 | 7 
1991 8 7 | 8 9 
2001 10 7 2 2 ll 
2011 12 6 14 9 LZ 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1980 =2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.@7 7 SCEN.S 
re) 9 9 9 9 9 
199) a 9 Bp: 10 1] 
2001 Hes 9 15 ee ie 
2011 16 a 19 Wei 18 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1] SCEN. 2 SCEN.3 SCEN. 62 6 CEN DS 
1961 0 0 0 0 0) 
1933 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND Leek. L9Sl=207 4 


BASIN 3 OKANAGAN (MCM/YEAR) 

YEAR SCEN. 1 SCEN. 2 SCEN «3 SCE sy USCEN. 5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 @) 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SCEN,.2 SCEN 63 SCEN.4&  SCEN.5 
1981 0 0 0 0 0 
199] 0 0 a8) 0 0 
2001 0 0 0) 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 3 = OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 POL ez SCEN. 3 SCEN.4 SCEN.5 
1981 0 0 0) 0 0 
1991 0 0 0 0 0) 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN.1 SCEN SZ SCEN.3 SCEN.4 . SCEN.S 
L642 29 oo z3 29 29 
1391 fe) 31 40 33 38 
2001 42 aE a. 37 47 
2024 49 29 80 40 56 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCENT 5 CiiNe72 SCEN. 3 SCEN.4- ~SCEN.5 
We ea 29 ao 22 29 29 
ed 35 a 40 33 38 
2001 42 31 a2 37 47 
2001 49 29 80 40 56 


SUMMARY OF MUNICIPAL WATER CONSUMPTION BY SCENARIO AND YEAR, 
BASIN 3 - OKANAGAN (MCM/YEAR) 


YEAR SCEN sol SCENG? SC EN. 3 SCEN.4+ SCEN.S 
198 4 4 4 4 4 
PS'9: 1 5 2 6 5 6 
2001 6 5 8 6 y 
2011 i 4 Iges 6 8 


Goa 20 eu 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1391 
Arr Leud, 
Mineral 
Manufact 
Power 
Municipal 


crew ate gal 


2001 
Agricul 
Mineral 
Manufact 
Power 
Munieipal 


Petal 


ZO 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
COLUMBIA RIVER 


BASIN 4 = 
SCEN.1 


a3 
15 
219 
0 
36 


303 


SCEN.2 


33 
15 
219 
0 
36 


a 4 


SCEN.3 


646 


(MCM/YEAR) 


SCEN.4 


323 
i? 
213 
0 
36 


44] 


SCEN.5 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


SECTOR YR SiGE Neel: SCGENa2Z SiGENites SCEN 4s 7SCEN.S 
1981 
Agricul a2 33 35 33 33 
Mineral ley Ny V7 Ney ny, 
Manufact 285 285 Dew 285 285 
Power 0 0 6) @) @) 
Municipal 36 36 36 36 36 
Tot al Sia Bye Shap il Ban Sin 
1991 
Agricul 40 34 40 38 43 
Mineral 30 28 30 pay 35 
Manufact Bo 283 350 Sele 364 
Power @) 0) 0) 0) @) 
Municipal 44 38 49 4] 47 
Towra 449 382 469 418 488 
2001 
Agricul 48 : 48 4] a 
Mineral 45 37 44 39 5) ii 
Manuiact 416 BRS 454 SHS) 5 483 
Power @) O 0 @) 6) 
Municipal Dik 38 67 45 58 
sbens cud 560 Bio) 6a 480 649 
Zone 
Agricul 58 2a) 58 45 70 
Mineral (ome) 48 65 yal 68 
Manufact Gy aL 7 244 605 392 583 
Power @) 0 @) 0) @) 
Municipal 61 aD 98 50 69 
ghowe Eyl 701 3D 825 538 790 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lot ad 


2001 
Serbeul 
Mineral 
Manufact 
Power 
Mans oipat 


Tota. 


Zed 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


ot a1 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981]- 
COLUMBIA RIVER 


BASIN 4 


SCEN.1 


SCEN. 2 


wow ow 


ces) 


iy Ow @ Ur 


Pe, 


SCEN.3 


(MCM/YEAR) 


CA © Orc oe 


33 


el 


SCEN.4 


Wooo oo 


1 
“a OW OW 


SCE Nate) 


in AO i160 


2011, 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 
COLUMBIA RIVER 


SAG 
YEAR 
L961 
1991 
2001 
2011 


SCEN.1 


33 
40 
48 
58 


SCEN.2 


32 
34 
a2 
oar 


(MCM/YEAR) 


SCEN.3 


SCEN.4 


oe | 
38 
4) 
45 


SCEN . 


LOS keer! 


20 
43 
bs 
70 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 295132011 


BASIN 


YEAR 


— 


1ySi 
1991 
2001 
2011 


SCEN. 1 


COLUMBIA RIVER 


ot 
40 
48 
58 


SCEN..2 


oe 
34 
od 
27 


(MCM/YEAR ) 


SCEN. 


SCEN.4 


33 
38 
4] 
45 


SCEN.5 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEAR. erry 


BASIN 


YEAR 


li, = 


1981 
boos 
2001 
2001 


SCEN« I 


COLUMBIA RIVER 


18 
oka 
27 
she 


SCENw 2 


18 
is 
18 
he) 


(MCM/YEAR) 


SGEN. 3 


18 
22 
27 
32 


SCEN.4 


18 
Ha 
a3 
PS) 


SEEN. > 


18 
24 
ag 
a9 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, L9S1—2019 


BASIN &..°= 
YEAR 
1981 
1991 
2001 
2011 


SCEN. I 


COLUMB ITA RIVER 


> 
mad 
39 
58 


SCEN.2 


a 
pas 
38 
43 


(MCM/YEAR) 


SCEN 3 


i) 
26 
39 
57 


SCEN.4 


BS 
a, 
34 
45 


SCEN.S 


16 
30 
45 
60 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 


BASIN 


YEAR 


4 - 


bed 
Ree el 
2001 
20u1 


SCEN. 1 


COLUMBIA RIVER 


wy 
30 
45 
65 


(MCM/YEAR) 
SCEN. 2 SCEN.3 
Ve 17 
28 30 
37 44 
48 65 


SCEN. 4 


bee 
27 
35 
oil 


SCEN. 5 


17 
a0 
51 
68 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 198) 


BASIN 8 = 
YEAR 
Lost 
L991 
2001 
2004 


SCEN.1 


COLUMBIA RIVER 


QS, 


SUENec 


ay ay =) 


(MCM/ YEAR) 


SCEN.O 


OO": 


SCEN.4 


Cree ©. 


SCENws 


CO O'O7 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 219 219 219 219 219 
199] 260 219 266 240 285 
2001 323 214 ce rae ie 378 
2011 401 186 433 301 455 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981, 285 285 285 285 285 
1991 bi He, 283 350 a 12 364 
2001 416 278 454 352 483 
2011 517 244 605 39.2 583 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SOCEM ate WSCEN 5S 
1981 9 3 9 9 9 
1991 ie 10 ie i 12 
2001 14 10 14 i Lae 
2011 18 9 18 ee pa 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR. Tal 20a 
BASIN 4 = COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN,1 SCEN.2 SCEN.3 PEUEN.@: "“SCEN,S 
1981 0 0 0 0 0) 
1 Be A 0) 0 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 0) 0 0) 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR; 1981-20173 
BASIN 4 = COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0) 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 4 = COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


BASIN 4 = COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCENSS SCEN. 4.  SGENss 
1981 36 36 36 36 36 
Bede al 44 38 49 4] 47 
2001 51 38 67 45 58 
2011 61 BS 98 50 69 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN. 2 SCEN.S SCEN.4 2) SCEN.5 
1981 36 36 36 36 36 
1991 44 38 49 41 47 
2001 out 38 67 45 58 
20} 61 i, 98 50 69 


SUMMARY OF MUNICIPAL WATER CONSUMPTION BY SCENARIO AND YEAR; 
BASIN 4 - COLUMBIA RIVER (MCM/YEAR) 


YEAR SCEN <1 SCEN. 2 SCER. o SCEN Sates CEN so 
1981 5 5 5 5 5 
1931 7 6 7 6 7 
2001 8 6 10 7 9 
2OLT ) 5 |e) 7 10 


Do er 20 ae 


SECTOR / TR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


199] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota | 


200] 
Agr Lew) 
Minera I 
Manufact 
Power 
Municipal 


re tal 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


e hyo ag’ We fl 


SUMMARY OF WATER INTAKE 
YUKON RIVER 


BASIN 5 


SCEN.1 


SCEN «2 


SCENG 


BY SCENARIO AND 


(MCM/YEAR) 


SCEN.4 


TEAR, 


SCEN.5 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 5 = YUKON RIVER (MCM/YEAR) 


SECTOR/ YR SiGENGal SGEN.2 SGENiwaS SiG Ne 4 SIGE Nie 
1981 
Agricul 0 0 0 0 0 
Mineral 14 14 14 14 14 
Manufact 0 6) 6) @) @) 
Power ) ¢) 0) 0) 0 
Municipal 5 5 5 5 5 
hotal 19 19 19 19 19 
1991 
Agricul 0 0 0 0 0 
Mineral 25) BS 25 22 28 
Manufact @) 6) 0 @) @) 
Power @) @) 0 0) @) 
Municipal 6 5 7 6 i 
otal: 3] 28 32 28 315 
ZOOM 
Age ieciuel 0 @) 0 0 0 
Maisrienaael Shi 31 36 Be 42 
Manufact O 0) 0) @) 0 
Power O 0 @) @) 0) 
Municipal i! 5 9 6 8 
Lose ey 44 36 BS 38 IG 
POI 1 
Ag Ede 0 0 0 0 0 
Mineral 54 40 SS bs 2 56 
Manufact @) 0 0 @) ) 
Power 0) 0) 0) 0) 0 
Municipal 9 > v3 7 10 
Total Oe + 45 66 49 66 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


ECTOR/YR SCEN. 1 SCEN. 2 SCEN.S SiGEIN se 40 SC EN > 
1981 
igricul ) 0 ) 0 0 
lineral 0 0 ) @) 0 
lanufact ) ) @) 0) 0 
lower 0 0 @) 0 ¢) 
lunicipal l l l 1 ] 
‘otal l l l 1 1 
1991 
gricul 0 0 0 0 0 
ineral 0 @) @) 0 0 
anufact ¢) @) 0) @) 0 
ower 0 @) @) @) 0 
unicipal ] l l ] l 
otal l l ] ] ] 
2001 
gricul 0 0 0 0 0 
ineral 0 6) 0 6) O 
anufact 0 @) O @) O 
wer ) @) @) O 6) 
micipal 1 ] ] ] ] 
Stal l l l l l 
ZO 11 
sricul 0 0) 0) 0 0 
ineral @) @) 6) ¢) 0 
anufact 0 0 0 0 0 
ywer 0 0) 0 O 0 
Inicipal 1 ] 2 1 ] 
atal l l 2 l l 


A-41 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 = YUKON RIVER (MCM/YEAR) 


YEAR SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L961 0 0 0 0 0 
Bee 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 ) 0) 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
138.1 9) 0 0 0 0 
ie 0) 0 0 0 0 
2001 0 0 0 0 0 
LUiJel 0 0 0 0 0 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 - YUKON, RIVER (MCM/YEAR) 


YEAR SCEN, 1 SCEN. 2 SCEN. 3 SCEN.4 SCEN.5 
Loe} 0 0 0 0) 0 
Be ah 0 0 0 0 0 
2001 0 0 0 0 0 
201.1 0) 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-207) 
BASIN, o = YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 NCEN.4&  SCEN 5 
1981 10 10 10 10 10 
pes 18 16 18 16 20 
2001 26 Paps 26 yas) 30 


2011 39 28 38 30 40 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN, 2 SCEN.3 SCEN.4 SCEN.5 
198] 14 14 14 14 14 
1991 22 ee Paes, 22 28 
2001 ow on 36 32 42 
2011 54 40 oie 42 56 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981- 
BASIN 5 = YUKON RIVER (MCM/ YEAR) 


YEAR SCEN. 1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
198] 0 0 0 0 0 
Poo) 0 0 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 0 ) 0 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981] 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR »-SCEN.1 SCEN.2 SCEN.3 SCEN.4) SCEN.S 
1981 
1B beg 
2001 
2011 


SAS Orcs 
nS 
(jee | Feo} fe) 
Oo Ore" 
(Dyke Mane, 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND YEAR “1 SeA=201% 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN . SCEN.2 S GEN 3 SCENce tSGEN.. 
1981 0 0 0 0 0 
99) 0 0 0 0 0 
2001 0 0 0 0 0 
201i 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
PASke, 2 — YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCER. 3 SCEN«4 SGCEN. 9 
1981 0 0 0 0 0 
to31 0 0 0 0) 0 
2001 0 0 0) 0 0 
2071 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN. SCEN.2 SCEN.3 SCEN.4& SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2011 
BASIN 5 = YUKON RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.S SCEN.4 SCEN.5 
19381 a =) 5 5 5 
ee 6 5 7 6 fi 
2001 fi, 5 a 6 8 
OW | S) 5 ines) | 10 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 5 - YUKON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.S SCENSG SCEN SS 
E54 5 5 5 5 5 
rol 6 5 7 6 i 
2001 7 5 9 6 8 
2011 9 = 13 7 10 

SUMMARY OF MUNICIPAL WATER CONSUMPTION BY SCENARIO AND YEAR, 


BASIN 5 —“YUKON RIVER” (MCM/YEAR) 


YEAR SCEN.1 S CEN. 2 SCEN.3 SCEN. 7" S CEN Va 
1981) 
ee 
2001 
2011 


— — 
— 
Oe 
—- 
ee 


DYoL= Ze 


SUMMARY OF WATER INTAKE 
BASIN 6 - PEACE~ATHABASC 


SECTOR/YR SCEN, 1 
1981 
Agricul 0 
Mineral 0 
Manufact 60 
Power 0 
Municipal 6 
Total 66 
19911 
Agricul * 0 
Mineral 0 
Manufact 77 
Power 0 
Municipal 7 
Total 84 
2001 
Agricul 0 
Mineral 0 
Manufact o7 
Power 0 
Municipal 8 
Bota 1 105 
2 Onl 
Agricul 0 
Mineral 0 
Manufact L2Z 
Power 0 
Municipal 10 
Total 132 


SCEN.2 


BY SCENARIO AND YEAR, 


A RIVER IN THE BRITISH 


SCEN.3 SCEN.4 SCEN.5 
0 0 
0 0 
60 60 
¢) 0 
6 6 
66 66 
0 0 
0 0 
84 68 
0 @) 
8 7 
92 ihe. 
0 @) 
0 0 
117 77 
0 
£1 7 
129 85 
0 0 
0 6) 
170 86 
0 @) 
15 8 
185 94 


1981-201) 
COLUMBIA REGION 


167 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 6 - PEACE-ATHABASCA RIVER IN BRITISH COLUMBIA REGION 


SECTOR/YR SGENs! SCEIN GZ SCEN.3 SCE Necdee SCE Nise> 
1981 
Agricul @) @) 0 6) @) 
Mineral 0 @) 0) 0 
Manufact 61 61 61 61 61 
Power @) 0) 0) 0 
Municipal 6 6 6 6 6 
otal 67 67 67 67 67 
1991 
Agricul 0 0 @) 6) 0) 
Mineral ¢) @) 0) 0 0 
Manufact 78 67 85 69 89 
Power @) O ¢) @) 0) 
Municipal 7 6 8 7 8 
Tore k 85 73 93 76 96 
PONG) I 
Agricul 0 0 0) @) 0 
Moriretaad @) @) @) ©) @ 
Mra Diuiuiware.e 98 69 iL Ih 78 2S 
Power @) 0) 0) O @) 
Monieipal 8 6 iis) 7 10 
Mousa OF WS 129 86 IP Sp 
AO AM 
we eeu 0 0 0 0 0 
Mineral @) @) ©) @) 0) 
Manufact NRE 66 Le 87 IL Sits 
Power 0) 6) 0) @) 0) 
Municipal 10 6 15 8 iz 
Morera 134 Tall 188 95 169 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 6 - PEACE-ATHABASKA RIVER IN B.C. (MCM/YEAR) 


ECTOR/YR SCE INS a SO Ops es SCEN.3 SCEN.4 SCEN.5 
1981 
gricul 0 0 0 0 9) 
ineral 0 0 0 0 0 
Manufact l i l l l 
ower 6) 0 0 0 0 
Beas 1 l 1 1 . 
Total 2 2 . - 2 
£994 
Agricul 0 0 0 0 0 
Mineral 0 0 0 @) 0 
Manufact 1 l ] l l 
Power 6) 0 0 6) 0) 
Municipal 1 l ] 1 l 
Total 2 2 Z 2 2 
2001 
Agricul 0 0 0 0 0 
Mineral 0 0 0 0 0 
Manufact he l Z l 2 
Power @) 0 0 0) ¢) 
Municipal l ] - 1 } 
Total 3 2 4 v - 
2011 
Agricul 0 0 0 : : 
Mineral 0) 0 0 ? : 
Manufact 2 H 3 : : 
Power 0 0 : : : 
Municipal 1 l : ; 
Total 2 . : f : 


A-47 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN. 4" SCEN.S 
1981 0 0 0 0 0 
ie be 0 0 0 0 0 
2001 0 0 0 0 0 
2014 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-20191 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
13S] 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0) 0 0 0 
Pol Ue 0 0) 0 0 0) 


SUMMARY OF AGRICULTURAL WATER CONSUMPTION BY SCENARIO AND YEAR, I981=201 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR ) 


YEAR SCEN. 12 SCEN 2 SCEN:. 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
if Bee 0 0 0 0 0 
2001 0 0 0 0 0 
2044 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND LEAR, LSP 
BASIN 6 = PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR ) 


YEAR SCEN.1 SCEN.2 SCEN.3 oCEN.&4  SCEN.5 
1981 0 0 0 0 0 
oar ) 0 0) 0 0 
2001 0 0 0 0 0 
a ON Maa 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201 
BASIN 6 - PEACE~-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN. 1] SCEN. 2 SCEN.3 SCEN24 SCEN.5 
1981 
13/9.) 
2001 
2011 


SO OX 
Salone 
SiS ew, 
EOE 
2) Esy 1S) 


SUMMARY OF MINERAL EXTRACTION WATER CONSUMPTION BY SCENARIO AND YEAR, 1981-2 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 
Le Si] 
2001 
ya OD wt 


jas TM a BN EN S| 
(Ve ee Re, 
OOO 
Sf o> 
SSS > 


SUMMARY OF MANUFACTURING WATER INTAKE B 


: Y SCENARIO AND 2 
BASIN 6 - PEACE~ATHABASCA RIVER IN THE near AS 8 See Oe 


BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 60 60 60 60 60 
1991 ie 66 84 68 87 
2001 a7 68 Lis 77 121 
2011 122 65 170 86 ras 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE~ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 61 61 61 61 61 
1991 78 67 85 69 89 
2001 98 69 118 78 Iz3 
2011 124 66 Li2 87 158 


SUMMARY OF MANUFACTURING WATER CONSUMPTION BY SCENARIO AND YEAR ,) 1 9ei= 200m 
BASIN 6 - PEACE~ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 ou. 6 Wines SCE Na. SCEN.4 SCEN.5 
1981 1 l ] 1 ] 
1991 1 1 l ] ] 
2001 2 ] 2 1 2 
201) 2 ] 3 l : 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN« 2 SCEN,. 3 SCEN.4& “SCEN.S 
1981 0 0 0 0 0 
1991 0 0) 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 ¢) 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


MPTION BY SCENARIO AND YEAR, 1981-2011 


SUMMARY OF POWER GENERATION WATER CONSU (MCM/YEAR) 


BASIN 6 - PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 : 
1991] 0 0 0 0 : 
2001 0 0 0 0 : 
2011 0 0 0 0 


A-49 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 


BASIN to) r= 
YEAR 
ey | 
Di i 
2001 
2011 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 
PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION 


BASIN: *o.1= 
YEAR 
1981 
es 
2001 
2011 


PEACE-ATHABASCA RIVER IN THE BRITISH COLUMBIA REGION 
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SUMMARY OF MUNICIPAL WATER CONSUMPTION BY SCENARIO AND WEAR, 


BAS LN, 6. = 
YEAR 
Pos. 
ory 
2001 
Zod 


PEACE-ATHABASCA RIVER tiN 


SiGe Need 


SIGE Naz 


ay ye ee 


S CEN. 


PO Nee 


SCE Nad 


SEEN so 


THE BRITISH COLUMBIA REGION 


[ On el ee 


(MCM/YEAR) 


LOS 2 
(MCM/YEAR) 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


total 


19:91 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


otal 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


hotal 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


fotal 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 


PRAIRIE REGION 


SCEN.1 SCE 


2338 
197 
402 

1846 
579 


5363 


3038 
253 
5.9.3 

2407 
768 


7D19 


3706 
ope, 
Poa 

3156 
894 


8832 


4522 
456 
985 

4159 

1049 


a ie 


N.2 


2338 
Lo? 
402 

1846 
579 


5363 


2365 
234 
476 

2229 
672 


6167 


2483 
283 
520 

2636 
658 


6580 


2148 
337 
527 

3067 
609 


6687 


SCEN.3 


2338 
197 
402 

1846 
oe 


5963 


S071 
294 
649 

2808 
800 


xa) 


37 62 
408 
909 

4063 

1000 


10143 


4638 
656 
1294 
5946 
PRE | 


13865 


2338 
197 
402 

1846 
aa 9 


5363 


2769 
224 
507 

Z2221 
745 


6465 


326 
287 
oie 

2800 
846 


7671 


3480 
348 
711 

3304 
943 


8786 


SCEN.4 SCEN.5 


2328 
197 
402 

1846 
579 


2363 


3291 
285 
603 

2601 
789 


7569 


4363 
be 
891 

soe 
952 


10158 


5460 

498 
1201 
4551 
1185 


12895 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
PRAIRIE REGION 


SECTOR/YE- SCEN. 1 SCEN.2 SCEN.3 SCEN. 45;SCEN .5 


1981 
Agricul 2338 2338 72 3} ais 2338 2338 
Mineral 1683 1683 1683 1683 1683 
Manufact Hes eo 17233 Le/e2 3 123 
Power BW/EVG Sy/ a4 Sy7/ A 3714 Sy7/ len 
Municipal 579 57:9 51.9 579 579 
boy e stil 10038 10038 10038 10038 10038 
1991 
Agricul 3038 2565 SOM Al 2769 S29) 
Mineral alesis OW al PSV WS) 1884 2414 
Manufact 72 SMeh §' 2058 2659 2149 2636 
Power 4842 4466 5649 4468 SI Sys' 
Municipal 768 CZ 800 Was 789 
Mota. 13168 al 7 Sh 14638 1EZSORIES La363 
2001 
Agricul 3706 2483 By i632 B26 4363 
Mineral PENS IS 2. 2381 490) 2 | 2401 Baa 
Manufact B26) 23385 3860 2616 3970 
Power ey Shey So 5) 3)(0) s yk ye 5633 H Misy 0 
Municipal 894 65% 1000 846 952 
Ireyje Ail 17084 ILS} 5) 7 PLOMSE M7) LAG 2 I 19769 
POV IL Ih 
Agricul 4522 2148 4638 3480 5460 
Mineral 3819 230h/ AO27 2899 4205 
Manufact 4558 2461 5691 3062 5429 
Power 8363 Cala IEG 6647 9156 
Municipal 1049 609 MW SVSy it 943 1185 
Moltral Deioeie? 14206 30649 77 (0) Siz PL SEES: 


SUMMARY..OF, CONSUMPTIVE: WATER USE BY SCENARIO’ AND YEAR, 1981-201] 
PRAIRIE REGION 


ee see(TRyeSCEN.1 SCEN,2 © 'SCEN.3:° SCEN, 4 SCEN. 5 


1981 
Agricul 1892 1892 1892 1892 1892 
Mineral 134 134 134 134 14% 
Manufact 73 x8 ips Te 73 
Power 69 69 69 69 69 
dee 87 87 87 87 87 
- 2256 2256 2256 2256 2256 
1991 
Agricul 2459 2075 2437 2241 2663 
Mineral 171 158 181 1s] 193 
Manufact BOI? 89 Pr 92 114 
Power 86 ne 100 79 93 
Municipal 105 92 109 LO? 109 
Total 2924 2494 2947 2665 3132 
2001 
Agricul 3000 2010 SGAz5 2730 cis WI 
Mineral 228 190 257 19Z 263 
Manufact 138 101 173 109 174 
Power IPOs: 94 145 100 Ley 
Municipal 2s 90 136 115 132 
Total 3600 2485 3756 3046 4227 
207 } 
Agricul 3660 1738 3754 2817 4419 
Mineral 304 224 384 wat 330 
Manufact 187 108 254 125 241 
Power 149 LEO 213 118 163 
Municipal 144 83 180 128 166 
Total 4443 2262 4784 3418 5318 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 £335 2338 2320 2338 2035 
1991 3038 2300) 3071 2769 3290 
2001 3706 2483 S102 3126 4363 
2005) 4522 2148 4638 3480 5460 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 


YEAR SCEN. 1] SCEN.2 SCEN:. 3 SCEN. 4 SCEN. 5 
1981 23:38 2336 2338 2338 2338 
1991 3038 2909 3071 2269 3291 
2001 3706 2483 S62 SEG 4363 
2011 4522 2148 4638 3480 5460 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND NEAR, 1981 =2011 
PRAIRIE REGION 


YEAR SCEN.1 SCEN.2 SCEN. 2 SCEN. 4 SOENTS 
1961 1892 Lee Vea2 Pes92 1$or2 
Be) pase, Pelee) 2437 raat k 2005 
2001 3000 2010 3045 2590 8 Bi 
2074 3660 23,5 3754 2 Sile7. 4419 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, i98)=201 1 
PRAIRIE REGION 


YEAR oCEN,. | SCEN.2 SCEN.3 SCEN SS SCEN.S 
981 P97 Loe 1937 197 197 
EST t 203 234 274 224 285 
2001 a5 9 283 408 287 393 
2011 456 oi) 656 348 498 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 


YEAR SCEN.1 SEEN 2 SCEN.3 SCEN.4 SCEN.5 
198) 1683 1683 1683 1683 1683 
1991 2158 1971 faye Ue 1884 2414 
2001 285.2 238 1 4021 2401 3324 
2011 3819 2807 7027 2899 4205 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1331 Le 134 134 134 134 
1391 Led 158 181 } 51 193 
2001 228 190 257 192 263 


2011 304 224 384 Zot 330 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 


YEAR 


1981 
199] 
2001 
evil 


SCEN.1 
402 
be 
P39 
95.5 


SCEN.2 


402 
476 
520 
527 


SCEN.3 


402 
649 
909 
1294 


SUMMARY OF MANUFACTURING GROSS WATER 
PRAIRIE REGION 


YEAR 


1981 
1991 
2001 
Poi 


SCEN.1 
1723 
2383 
3280 
4558 


SCEN.2 
ies 
2058 
2333 
2461 


SCEN.3 


Lg23 
2659 
3860 
Hohe 


SUMMARY OF MANUFACTURING CONSUMPTIVE 
PRAIRIE REGION 


YEAR 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 


1981 
eB 
2001 
Eold 


SUCEN. | 
73 
102 
£35 
187 


PRAIRIE REGION 


SGEN.Z 
ae 
89 
101 
108 


SCEN. 3 
73 
By 
Le 
254 


SCEN.4 SCEN.5 


402 
507 
612 
vs 


USE BY SCENARIO AND YEAR, 


402 
603 
89] 
1201 


SCEN.4 SCEN.5 


Lees 
2149 
2616 
3062 


USE BY SCENARIO AND YEAR, 


Ly23 
2636 
3970 
5a29 


SCEN.4 SCEN.95 


73 
92 
109 
123 


,3 
114 
174 
241 


1981-2011 


Pyet=2e1) 


P93 =Z20T) 


YEAR SCEN.1 SCEN.2  SCEN.3 SCEN.4 SCEN.5 
1981 1946 1946 1946 1946 1946 
199] 2407 5930 2808 270) 2601 
2001 3158 2636 4063 2800 3559 
2011 4159 3067 5946 3304 4551 
SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
PRAIRIE REGION 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3814 3814 3814 3814 3814 
199] 4842 4466 5649 4468 5233 
2001 6353 5303 8174 5633 7160 
2011 8363 6171 11962 6647 9156 
ENARIO AND YEAR, 1981-2011 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SC 


PRAIRIE REGION 


YEAR 
1981 
1991] 
2001 
2011 


SCEN.1 
69 
86 
113 
149 


SCEN.2 
69 
79 
94 
110 


SCEN. 3 
69 
100 
145 
213 


SCEN.4 
69 

79 

100 

118 


yn 
w 


SCEN.5 
69 
93 
127 


163 


SUMMARY OF MUNICIPAL WATER INTAKE BY 
PRAIRIE REGION 


YEAR SCEN.1 SCEN.2 SCEN. 3 
SF) Wi, a7 9 
MRR 768 672 800 
2001 894 645 1000 
2011 1049 609 Tio Bs 


SUMMARY OF MUNICIPAL GROSS WATER USE 
PRAIRIE REGION 


YEAR SGEN ol SCEN.2 SCEN.3 
L961 Da Dane Sag 
Loot 768 GFZ 800 
2001 894 658 1000 
od 1049 609 Wess ph 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
PRAIRIE REGION 


YEAR SGEN. | SOE Nine 5 ORNS 
eee! 87 &7 87 
Weak 105 OZ ae 
2001 t23 90 136 
2011 144 83 180 


SCENARIO AND YEAR, 


SCEN.4 SCEN.S 
x19 
745 
846 
943 1 


a 
789 
9352 
185 


Poe 20 bd 


BY. SCENARIO AND YEAR, 1981-2011 


SCE Net S. CEN. 5 
oH a 
745 
846 
943 l 


bp) 
789 
952 
185 


BY SSCENARIO AND YEAR, LYSl=2Z0L1 


SCEN+4 SCEN:.5 
87 
102 
LS 
128 


A-56 


87 
109 
P32 
166 


a 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION 


SECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 17 17 17 17 17 
Mineral 84 84 84 84 84 
_Manufact 72 L2 2 we 72 
Power 4 4 4 4 4 
Municipal 4 4 4 4 4 
Total 180 180 180 180 180 
1991 
Agricul 22 19 22 20 24 
Mineral MO *74 99 108 95 Ne 
Manufact 94 79 128 93 94 
Power 5 4 6 4 5 
Municipal s 4 > 3) 5 
mote) 2335 206 268 Zale 249 
2001 
Agricul MT) 18 2 233 a 
Mineral 143 119 145 121 164 
Manufact laws 78 164 108 idee: 
Power 6 5) 8 6 yi 
Municipal 5 4 6 5 6 
Total 297 PEI E 351 262 334 
PY aay 
Agricul 33 16 33 25 39 
Mineral 190 140 195 144 205 
Manufact 144 68 214 eZ 157 
Power 8 6 12 7 9 
Municipal 6 - 8 6 ? 
Total 381 234 462 304 418 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 6 - PEACE~ATHABASCA RIVER IN PRAIRIE REGION 


SECTOR/YR (SCEN..2 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 7 17 bi? iy 17 
Mineral 745 WSS 745 745 TAS 
Manufact 108 108 108 108 108 
Power 8 8 8 8 8 
Municipal 4 4 4 4 4 
To tras 88] 881 88] 881 881 
1991 
Agricul eZ 19 BP. 20 24 
Mineral 957 883 965 845 1078 
Manufact 140 118 190 139 Ai 
Power 10 9 ll 9 it ih 
Municipal 5 4 5 5 5 
Torre: Lal he ILO) SYsi 1194 VOM, 2518 
2001 
Agricul a 18 27 23 cee 
Mineral 1272 1062 1292 1074 1463 
Manufact ES} LIL aS 161 186 
Power AS, Tal 16 ial 14 
Nundcipa l 5 4 6 5 6 
Total 1490 ZI 151897 NAS LO 
70) AA 
Agricul 3) St 16 33 2 39 
Mineral 1696 IAS sl 1740 1286 1829 
Manufact 214 102 319 182 PSV tb: 
Power 7 i 2 24 ils! 18 
Municipal 6 4 8 6 7 
mowed 1966 1384 WBN PLS: I Sh 2028 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-20)] 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION 


SECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN,5 


1981 
Agricul Ef i, 17 17 17 
Mineral E20 120 120 120 120 
Manufact PS 13 13 nhs he 
Power 2 2 2 2 2 
Municipal il l l 1 J l 
Total Ieee! heey 3! 153 53 153 
1991 
Agricul 22 18 22 20 24 
Mineral 155 143 156 139 174 
Manufact tay 1S 24 7 17 
Power 3 3 3 3 3 
Municipal ] it ] 1 ] 
motal 198 179 20S ey. 2ZAS 
ZO Ov 
Agricul 29 18 27 23 3) 
Mineral 206 oe 209 es: 236 
Manufact Ze 14 Sel 20 23 
Power 4 $ 5 3 4 
Municipal l 1 ] ] l 
Total 258 208 IL) 1 220 296 
210 ist 
Agricul 33 1S 3h) 25 59 
Mineral 274 202 281 208 296 
Manufact 27 3 40 23 29 
Power 5 4 7 4 5 
Municipal ] 1 ] l l 
Total 339 234 363 260 370 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 


LSSi=2011 


BASIN 6 - PEACE~ATHABASCA RIVER IN PRAIRIE REGION 
YEAR SCEN.1 SCEN.2 SCEN. 5 SCEN.4 SCEN.5 
1981 17 LZ ki? Py a, 
1991 a2 19 22 20 24 
2001 rad 18 27 io ot 
ra a3 16 as 25 a9 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION 
YEAR SCEN. 1 SCEN.2 S: CON. 3 SCEN. 4) SCEN. 5 
L9G) Li Ny le 17 7, 
LoS fas 19 pays 20 24 
2001 ay. 18 Mae Pas 3} 
2011 35 16 33 22 a9 
SUMMAKY OF ACRICULTURAL CONSUMPTIVE USE BY SCENARIOUNAND YEAR, 1961-2071 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION 
LEAR SGEbNiel SCEN. 2 SCHEIN. oS SCEN. 4 (SOEN . 5 
ie Rowe! bay LG Leg i7 17, 
1991 Ze 18 BLD: 20 24 
Z001 Lt 18 oT 23 >) 
vino 33 (eS) a IRS) Bie 
SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


BASIN 6 - 

YEAR SCEN.1 
Poe | 84 
199] 107 
2001 143 
20.1 190 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 
PEACE~ATHABASCA RIVER IN PRAIRIE REGION 


BASIN 6° = 

YEAR SCEN.1 
1981 745 
ee eae 
2001 l2Ziz 
2011 1696 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
PEACE-ATHABASCA RIVER IN PRAIRIE REGION 


BASIN 6 - 

YEAR SCEN. 1 
1981 L280 
1991 135 
2001 206 
2011 274 


SCEM.2 
84 
99 
119 
140 


SOEN eZ 
745 
883 
1062 
125 


SC EN 2 
120 
143 
Ldig 
202 


SCEN.3 
84 
108 
145 
35 


SCEN.3 
745 
965 
L292 
1740 


SCEN,.3 
120 
156 
209 
281 


PEACE-ATHABASCA RIVER IN PRAIRIE REGION 


SCENG@ a sCEN. © 


84 84 
a5 zk 
ot 164 
144 205 


SCEN..4 SCEN.5 


7&5 745 
845 1078 
1074 1463 
1286 1829 


SCEN.4 SCEN.3 


120 120 
bor 174 
174 236 
208 296 


IS8i-2Z014 


1961-2013 


Adie tata OF MANUFACTURING WATER INTAKE By SCENARIO AND YEAR, 1981-201) 
BASIN 6 - PEACE~ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN, 2 SCEN,.3 SCEN.4 SCEN.5 
1981 72 Fa 72 72 72 
199] 94 79 128 93 94 
2001 116 78 164 108 125 
2011 144 68 214 iZ2 157 


SUMMARY OF MANUFACTURING GROSS WATER USE By SCENARIO AND YEAR, 1981-20))] 
BASIN 6 - PEACE~ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR : SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 108 108 108 108 108 
1991 140 118 190 139 14] 
2001 173 116 245 161 186 
2011 214 102 a19 182 234 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1] SCEN.2 SCEN,3 SCEN.4 SCEN.5 
1981 13 3 13 13 ie 
1991 i? ie 24 17 17 
2001 a 14 31 20 zs 
2011 2% iA 40 23 29 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN 6 SCEN, 5 
1981 4 4 4 4 4 
P3991 5 4 6 ~ 5 
2001 6 5 8 6 7 
2011 8 6 ke ? 9 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 8 8 8 8 8 
1991] 10 9 11 7 1] 
2001 is ll 16 1] 14 
2011 17 LZ 24 i3 18 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN «1 SCEN«Z SCEN.3 SCEN.:& SCEN.S 
198] 2 z me 2 2 
1991 3 3 3 3 3 
2001 4 3 5 3 4 
2011 5 4 7 4 5 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4 4 4 4 4 
1991 5 4 5 5 5 
2001 5 4 6 5 6 
2011 6 4 8 6 7 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 6 - PEACE~ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SGEN 3 *"SCEN. AMSCEN 5 
1981 4 4 4 4 4 
1991 5 4 5 5 5 
2001 5 4 6 5 6 
2011 6 4 8 6 j 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-207) 
BASIN 6 - PEACE-ATHABASCA RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN. 3 SCEN.«4 “SCEN. 3 
Pel 
Poo 
2001 
2011 


ee ee 
—— 
Ll cel aoe 
ee 
—— — 


cidinioa OF WATER INTAKE BY SCENARIO AND YEAR, 1981-20)])] 
BASIN 7 = MACKENZIE RIVER (MCM/YEAR) 


SECTOR/YR ad PIOUS Si SCEN.2 S CEN. S SCEN.4 SCEN.S 
1981 

Agricul 0 

Mineral 24 

Manufact l 

Power 0 

Municipal 0 


Total 25 25 25 25 25 


isvy 
Agricul 0 
Mineral 32 
Manufact 1 
Power 0 
Municipal 0 


Total 33 33 30 30 af 


2001 
Agricul 0 
Mineral 44 
Manufact 2 
Power 0 
Municipal 0 


Tita 46 38 a0 nf = 


2011 
16° ahs fel Hae 0 
Mineral 60 
Manufact 3 
Power 0 
Municipal 0 


Total 63 46 56 yi eS 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 7 - MACKENZIE RIVER’ (MCM/YEAR) 


SH Gl ORs YR S GEN. | SIGE Nez SEIS IN: ce! SIGE IN Ga 5S Obi Neees 
1981 

Av SATe a GACIEL ) 

Mineral 36 

Manufact 1] 

Power 6) 

Municipal 0 


OO aS 
O0Orf AO 
Oe ar SS 
oof OO 


Total ce 37 37 a1 38 


19.9) } 
Agricul 0 
Mineral 47 
Manufact ] 
Power ) 
Munieipal 0 


Oneal! 49 45 s'S) 44 54 


HOON 
Agrieul 0 
Mineral 65 
Manufact 2 
Power 0 
Municipal 0 


recat om! 56 ei 58 re | 


ZO 
iste ok abil 0) 
Mineral 89 
Manufact 3 
Power 0 
Municipal 0 


Total 92 67 86 jae 100 


SUMMARY OF CONSUMPTIVE WATER USE By SCENA 


RIO AND YEAR, 198]~- 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) Tae 


SECTOR/YR SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN,5 


198] 
Agricul 0 0 0 0 0 
Mineral 2 2 2 2 2 
Manufact ) 0 0 a) 0 
Power 0 0 0 ) 0 
Municipal 0 0 0 0 0 
Total 2 2 2 2 2 
1991 
Agricul 0 0 0 0 0 
Mineral 3 2 2 2 3 
Manufact ) 0 0 ) 0 
Power @) @) 0 0 0 
Municipal 0 0 0 0 0 
Potat 3 3 3 3 3 
AO OT 
Agricul 6) @) 0 0 0 
Mineral 3 3 3 S) 4 
Manufact @) @) @) 0 6) 
Power 0) 0 0 ¢) 6) 
Municipal 0 0 0 0 0 
motel 4 3 3 3 4 
AGI 
Ae EA Cx 0 0 0 0 0 
Mineral 5 4 4 - 5 
Manufact 1 ) l @) l 
Power 0 0 0 0 0 
Municipal 0 0 0 0 0 
Lota 5 4 4 4 6 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 
* 


YEAR SCEN.1 SCEN, 2 SCEN.3 SCEN.4 SCEN.5 
E381 0 0 0 0 0 
199] 0 0 ) 0) 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 ) 0 0 0 
pa 9:1 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 7 = MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCENA SCEN.3 SCEN.4 3SCEN. 5 
1981 0 0 0 0 0 
139 1 0 0 0 0 0 
2001 0) 0 0) 0 0 
2013 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 19280-2008 
BASIN 7 = MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
| 24 24 24 24 24 
199 ] 32 oo 29 29 i te) 
2001 44 a7 38 38 50 


2011 60 44 a 47 65 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 
BASIN 7 = MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
198] 36 36 hee 36 36 
1997] 47 44 43 42 53 
2001 65 54 58 56 res 
2011 89 66 83 69 a7 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-21 
BASIN 7 ~ MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN 62 ECEN.3 SCEN.4 SCEN.5 
198] 2 2 2 2 2 
1991 3 Z 2 2 3 
2001 3 RB 3 3 é 
2011 5 4 4 4 5 


SUMMARY OF MANUFACTURING WATER INTAKE By SCEN 


ARIO AND YEAR, 1981- 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 981-2011 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 l l l ] l 
1991 l ] l l l 
2001 2 l 2 l 2 
2011 3 1 3 l 2 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 


YEAR : SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1 1 l 1 l 
i991 l l l 1 l 
2001 2 l 2 l 2 
eOLT 3 l 3 ] 2 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN. 1] SCEN. 2 SsCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
91 0 ) 0 0 0 
2001 0 0 0 0 0 
2011 ] 0 l 0 l 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 7 ~— MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0) 0 
aw! 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 7 - MACKENZIE RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN, 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0) 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 9) 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 7 = MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN,. 1] SCEN.2 SCEN «3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981=2011 
BASIN 7 - MACKENZIE RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
tone Bk 0 0 0 0 0 
2001 0 0 0 0 0 
e0rl 0 0 1 0 0 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981=2011 
BASIN 7 - MACKENZIE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
PIS 0 0 0 0 0 
Deo) 0 0 0 0 0 
2001 0 0 0 0 0 
2071 0 0 l 0) 0 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 2981=201 
BASIN / = MACKENZIE RIVER (MCM/YEAR) 


YEAR SCE Nw 1 OCEN. 2 SCE Neo SCEN.4 SCEN.5 
ie Bowe 0 0 0 0 0 
hee A 0 0 0 0 0 
2001 0 0 0 0 0 
Ziel 0 0 0 0 0) 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-20]) 
BASIN 9 - MILK RIVER (MCM/YEAR) 


SECTOR/YR SCEN.] SCEN.2 SCEN,. 3 SCEN.4 SCEN.5 


198) 
Agricul 46 46 46 46 46 
Mineral 0 0 0 0 @) 
Manufact 0 0) 0 0 0 
Power 110 16 110 110 LO 
Municipal 0 @) 0 0 0) 
Total 156 ir) 156 156 156 
1991 
Agricul 60 Sai 60 55 65 
Mineral 0 ) 0 0 ¢) 
Manufact 0) @) 0 0 0 
Power 136 eS 158 125 146 
Municipal 0 0 6) 6) 0 
Toe a 196 176 28 180 Pale. 
2001 
Agricul 74 49 75 62 87 
Mineral 0 0 6) @) 0 
Manufact @) @) ) 0 0 
Power les 148 229 psyte' 200 
Municipal 0 0 0 0 0 
Total 2541 198 304 220 287 
2 ODI 
Agricul 90 43 92 69 108 
Mineral 0 0 0 0 0 
Manufact 0 ) @) 0 ) 
Power 234 WAS 335 186 256 
Municipal 0 0 0 0 0 
Total 324 215 427 ae 365 


SEG ROR / YR 
1981 
Agricul 
Masrre gece! 
Manufact 
Power 
Municipal 


ho ta. 


199] 
PMs eat (ou) I 
Mineral 
Manufact 
Power 
Muni eipa 1 


Total 


2001 
iMesnealieieen 
Maine tal 
Manufact 
Power 
MUS dap alk 


Tons aul 


2011 
Agricul 
Mineral 
VE-Gehtbar-Wole 
Power 
Municipal 


otal 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YE 


BASIN 9 = 


SCEN, ] 


561 


MILK RIVER 


SCEN. 2 


SCEN.3 


(MCM/YEAR) 


SCEN.4 SCEN.5 


ARGAS8i-20 bl. 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-20])] 
BASIN 9 - MILK RIVER (MCM/YEAR) 


SECTOR/YR SCEN,] SCEN.2 Se oma a SCEN.4 SCEN.5 
1981 

Agricul 38 

Mineral 6) 

Manufact 0 

Power l 

Municipal 0 


Total 38 38 38 38 38 


199] 
Agricul 49 
Mineral @) 
Manufact 6) 
Power 1 
Municipal 0 


Total 50 42 49 45 54 


2001 
Agricul a9 
Mineral @) 
Manufact @) 
Power ] 
Aunieipal @) 


Total 6 1 41 62 Sali 71 


Zee) 
Agricul qd 
Mineral 
Manufact 
Power 
Municipal 


Oe Ore: Go 
or oOo 
C= 2 & oe 
OO b> SO OD 


Total 74 36 Eh 5] 89 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-20)) 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN, 2 SCEN.3 SCEN.4 SCEN.5 
198] 46 46 46 46 46 
i991 60 51 60 55 65 
2001 74 49 Fibe, 62 87 
2011 90 43 hs 69 108 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN.] SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
198] 46 46 46 46 46 
ras 60 si 60 3) 65 
2001 74 49 75 62 87 
2011 90 43 Ls 69 108 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-20)1 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN, ] 2CENS 2 S CEN eo SCEN.S SCEN 2S 
boa 38 38 38 38 38 
Peo 49 4] 48 44 Be 
2001 59 40 60 50 70 
2011 rs 34 74 56 88 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEARS *®?9s)—269 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN <1 SChN<2 SCEN.3 SCEN.4 SCEN.5 
198] 0 0 0 0 0 
199! 0 0 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 198]-2 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 0 0 0 0 0) 
Lao 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-2{ 
BASIN 9 - MILK RIVER (MCM/YEAR) 


YEAR SGENS 1 SCEN. 2 SCEN.3 BOON. 4 oSCEN. 5S 
198) 0 0 0 0 0 
Leos 0 0 0 0 0 
2001 0 0 0 0 0 
201) 0 0 0 ) 0 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 - MILK RIVER (MCM/YEAR) 


YEAR SCEN.1] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 - MILK RIVER (MCM/YEAR) 


YEAR " SCEN.1 SCEN.2 SCEN.3 SCEN.4°SCEN.5 
i9é1 0 0 0 0 0 
1991 0 0) 0 0 0 
2001 0 0 0 0 0 
Per | 0 0 0 0 0 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 “= MILK RIVER (MCM/YBAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Psst 0 0 0 0 0 
199% 0 ) 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 - MILK RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
ee 110 110 110 110 ie a, 
ras 136 izs 158 bio 146 
2001 178 148 229 158 200 
2011 234 RTS 335 186 256 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4& SCEN.5 
1981 a1 2135 Z15 a Ue ELS 
1991 oe hae 318 oe 295 
2001 358 299 460 317 403 
2011 471 348 674 374 516 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SGEN«s4 SCENs 2 SCENs3 SCEN.4 SCEN.5 
198] 
199] 
2001 
2011 


Nore 
—S— Ee 
NN — 
— ee ee 
NOK ee 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN.1 SGEN. 2 SCEN.3 SCEN.4 SCEN.5 
196) 0 0 0 0 0) 
Ne 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0) 0 0 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 9 = MILK RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
rei 0 0 0 0 0 
Le Gid 0 0 0 0 0 
2001 0 0 0 0 0 
ae iy Ra 0 0 0 0 0 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 9 - MILK RIVER (MCM/YEAR) 


YEAR SCEN.< 1 OCEAN: ..2 DIE ire Sd SCEN.4 SCEN.5 
Doe 0 0 0 0 0 
Leo 0 0 0 0 0 
2001 0 0 0 0 0 
20101 0 0 ) 0 0 


SECTOR/YR 
198] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


199] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Bota) 


2001 
Agricul] 
Mineral 
Manufact 
Power 
Municipal 


Lotal 


2 )4 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


botal 


SUMMARY OF WATE 


BASIN 10 


SCEN,] 


94 
55 
90 
1018 
32 


1388 


122 


R INTAKE gy SCEN 


NORTH SASKATCHEWAN RIVER 


SCEN,.2 


SCEN,.3 


94 
ef 
90 
1018 
Lae? 


1388 


12] 
80 
148 
1469 
184 


2002 


at 
123 
207 
2125 
23) 


2838 


187 
206 
294 
3110 
310 


4106 


ARIO AND YEAR, 198]- 


(MCM/YEAR) 


SCEN.4 SCEN,5 


94 
55 
90 
1018 
Loz 


1388 


Me 
62 


Ge 
L162 
i a 


1620 


126 
79 
134 
1464 
36 


1999 


140 

He 
1 Bt 
1728 
219 


YW Ni 


2011 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


ota: 


199] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Olean 


200" 
ASTTe wl 
Mineral 
Manufact 
Power 
Municipal 


vOnteael: 


AGN 1 
Agricul 
Mineral 
Manufact 


Power 
Municipal 


eOutceael 


SUMMARY OF GROSS WATER USE BY SCENAR 


BASIN 10 - NORTH SASKATCHEWAN RIVER 


SCEN. ] 


94 
100 
744 

Loos 
132 


Sen 


P22 
128 
1028 
Zooi2 
Livan. 


a8 


149 
iri 
1434 
Bo23 
206 


5.2 8'2 


182 
228 
2026 
4374 


242 


7051 


SCEN.2 


94 
100 
744 

LOGS 
132 


3065 


103 
Ps 
886 
2336 
154 


3598 


100 
142 
LOT os 
Sa a 
P31 


4184 


86 
168 
1087 
B22 7 
140 


4709 


SCEN.3 


94 
100 
744 

19.95 
132 


3065 


121 
140 
L2G 
2956 
184 


4526 


Ly 
206 
L647 
275 
2311 


Cron a 


187 
324 
2454 
6256 
310 


9530 


IO AND YEAR, 


(MCM/YEAR) 


SCEN.4 SCEN.5 


94 
100 
744 

1995 
bea 


3065 


| 
pis 


9311 
2337 
P72 


3664 


£26 
144 
1124 
2946 
196 


i ae te 


140 
173 
1309 
3476 
219 


i wy / 


94 
100 
744 

1995 
132 


3065 


E3z 
145 


| se 
Pa Oe 


181 


4326 


176 
198 


1686 
3745 


218 


6021 


220) 
248 


2a08 
4789 
268 


7819 


1981-2011, 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-201} 
BASIN 10 - NORTH SASKATCHEWAN RIVER (MCM/YEAR) 


SECTOR/YR SCEN.] SCEN, 2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 76 76 76 76 76 
Mineral 6 6 6 6 6 
Manufact ra | rat 27 1 ai 
Power 25 PLS ALS) 2 Vda 
Municipal 20 20 20 20 20 
Tor at 5.4 st! 154 154 154 
1991 
Agricul 99 83 98 90 107 
Mineral 8 vi 15 7 9 
Manufact cy 33 42 hye 42 
Power 32 29 Si7/ 29 34 
Municipal 24 Za 25 23 Be 
ota L 199 173 214 182 Paley, 
2001 
Agricul ee 81 ee? LO? eee 
Mineral 10 9 26 8 ee 
Manufact 52 38 62 39 66 
Power 4] $15 513 SV 47 
Municipal 28 20 Sit 26 30 
rota Li PLS Fe iL fei 3 296 Zeal 296 
AOR 
Agricul 147 70 isk! es 178 
Mineral ers 10 58 10 16 
Manufact yi st 42 95 45 92 
Power Di 40 78 43 60 
Municipal 33 19 4] 29 ae 
Total Bz 181 423 Vide 382 
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SUMMARY OF 
BASIN 10 - 
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1981 
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SUMMARY OF 
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AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
NORTH SASKATCHEWAN RIVER 
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AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR 
(MCM/YEAR) 
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AGRICULTURAL CONSUMPTIVE USE BY SCENARIO 
(MCM/YEAR) 
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86 
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MINERAL EXTRACTION WATER INTAKE BY § 
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MINERAL EXTRACTION GROSS WATER USE BY 
(MCM/YEAR) 
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MINERAL EXTRACTION CONSUMPTIVE USE BY 
NORTH SASKATCHEWAN 
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AND YEAR, 
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SUMMARY OF 
BASIN 10 - 
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1981 
199} 
2001 
2011 


SUMMARY OF 
BASIN 10 - 


YEAR 
1981 
1992 
2001 
2011 


SUMMARY OF 
BASIN 10 - 
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SUMMARY OF 
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MANUFACTURING WATER INTAKE BY SCENA 


NORTH SASKATCHEWAN RIVER 
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MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
NORTH SASKATCHEWAN RIVER 
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POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 
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POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 
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POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
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USE BY SCENARIO AND YEAR, 
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2011 


MUNICIPAL WATER INTAKE BY 
NORTH SASKATCHEWAN RIVER 


SCEN.1 SCEN.2 SCEN.3 


ie Pow 132 
eas 154 184 
206 149 231 
242 140 310 


MUNICIPAL GROSS WATER USE 
NORTH SASKATCHEWAN RIVER 


SCEN. 1 SCEN.2 SCEN.3 


L32 BSs2 L352 
177 154 184 
206 Ge Oat 
242 140 310 


MUNICIPAL CONSUMPTIVE USE 
NORTH SASKATCHEWAN RIVER 


SCEN.1 SCEN.2 SCEN.3 


20 20 20 
24 au ae 
28 20 a 
33 Pkg 4] 


SCENARIO AND YEAR, 1981-20]1 
(MCM/YEAR) 


SCEN.4 SCEN.5 


i UES 
Lite 181 
196 218 
219 268 


BY SCENARIO AND YEAR, 1981-2011 
(MCM/YEAR) 


SCEN.4 SCEN.5 


132 he Ps 
Dyia 181 
196 218 
259 268 


BY SCENARIO AND YEAR, 1981-201] 
(MCM/YEAR) 


SCEN.4 SCEN.5 


20 20 
23 ao 
26 30 
Zo Bo 
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SECTOR/YR 
19ST 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


itkag arom 4 


199] 
Agriew! 
Mineral 
Manufact 
Power 
Municipal 


Dota 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


fopad 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Powtatl 


SUMMARY OF WATER IN 


BASIN 11A 
SCEN,. 1] 


428 


TAKE BY SCENARIO AN 


- RED DEER RIVER 


SCEN.2 
428 
3 


a 


430 


SCEN.3 


428 


(MCM/YEAR) 


D YEAR, 


SCEN.4 SCEN.5 


428 
a 

5 

0 
Ae 


686 


428 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 11A - RED DEER RIVER’ (MCM/YEAR) 


SECTOR/YR SCEN. 1 SCEN. 2 SCEN.S SCEN.4 SCEN.5 


1981 
Agricul 428 428 428 428 428 
Mineral 330 330 330 SySi0) 330 
Manufact 8 8 8 8 8 
Power O 0) 6) O @) 
Municipal ae Lib Ze me 2é 
Total 789 789 789 789 789 
1991 
Agri eut 557 470 55 2 50/7 603 
Mineral 424 391 428 Sys 478 
Manufact iat 10 1S 10 Ibs! 
Power 0 6) 6) 6) 6) 
Municipal 29 26 30 28 a0 
Total OZ 897 O23 920 A ae 
ZOO 
Agricul 679 455 690 ee) 800 
Mineral 563 470 S/hz. 476 648 
Manufact WG a2. 20 2 al 
Power O 0) 0) @) 0 
Municipal 34 BS 38 By Buy 
Woe cul 2.992. 963 LAC 1092 1506 
LO i 
Agricul 829 394 850 638 1001 
Mineral SSP 554 WH il 57/0 Set 
Manufact Pall 13 Syl eS Bal 
Power @) 0) ) @) O 
Municipal 40 — 23 50 36 46 
Tota Li 1641 984 NO | 2 Sve 1888 


A-82 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11A - RED DEER RIVER’ (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 346 346 346 346 346 
Mineral 7 7 ’ ae 7 7 
Manufact 4 4 4 4 4 
Power 0 0 0 0 0 
Municipal 3 3 3 3 3 
Total 360 360 360 360 360 
1991 
Agricul 450 380 446 410 487 
Mineral 8 8 9 7 10 
Manufact 6 5 7 5 7 
Power ) 0 0 @) 0 
Municipal. 4 4 4 4 4 
digs yy ae Mi 468 396 465 426 508 
2001 
Agricul 549 368 By 5) I 463 646 
Mineral teat 9 a 10 ee 
Manufact 8 6 10 6 tle 
Power 0) ¢) 0 0) 0 
Municipal 5 4 5 4 5 
Teatal Sy ifs! SYS) Hf 584 483 675 
ZO 
Agricul 670 318 687 Suk 808 
Mineral ie a 1 Ley 16 
Manufact al i 16 7 16 
Power 6) ¢) 6) 0 @) 
Municipal 6 3 7 5 v7 
Thotsa2 78a 339 T25 Spelte! 847 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-20)]1 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 428 428 428 428 428 
eB 557 470 552 507 603 
2001 679 455 690 bm, 800 
2011 829 394 850 638 1001 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2018 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCENs4 SCEN.S 
A938) 428 428 428 428 428 
1991 = Ms 470 ie 507 603 
2001 G79 455 690 owe 800 
2043 829 394 850 638 1001 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 19381-2078 
BASIN 11A - RED DEER RIVER’ (MCM/YEAR) 


YEAR SOEN 1 SCEN.2 SCEN ea SCEN.4 SCEN.5 
LoS 1 346 346 346 346 346 
1991 450 380 446 410 487 
2001 349 368 ie 463 646 
201) 670 318 687 ss) Be) 808 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 3 3 3 3 
1991 3 3 3 3 4 
2001 4 4 5 4 5 
2011 6 4 6 5 6 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 198) 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 330 330 330 330 330 
1991] 424 391 428 374 478 
2004 a bc3 470 Diez 476 648 
2011 noe 554 YBa 570 811 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 7 7 7 7 7 
199] 8 8 9 7 10 
2001 ri 9 ii 10 13 
2011 15 i 15 11 16 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-20)] 
BASIN 11lA - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 5 5 . 5 5 
1991 7 7 9 6 9 
2001 10 8 a) 7 14 
2011 14 9 19 9 19 


SUMMARY OF MANUFACTURING GROSS WATER USE By SCENARIO AND YEAR, 1981-201] 
BASIN 11A —- RED DEER RIVER (MCM/YEAR) 


YEAR ‘ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 8 8 8 8 8 
1991 Et 10 13 10 r3 
2001 16 12 20 i Pa | 
2011 Ls SW i aA 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-201} 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5S 
1981 4 4 4 4 4 
199] 6 5 7 5 7 
2001 8 6 10 6 11 
2011 14 Z 16 7 16 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0) 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0) 0) 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 111A = RED DEER RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ras 22 22 eg ne 
ede Z9 26 30 28 30 
2001 34 24 38 32 37 
2011 40 23 50 36 46 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, (L981t=Z011 
BASIN 11A - RED DEER RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 22 paps Ine oe as 
Lost Zo 26 30 28 30 
2001 34 25 38 oz a7 
ZO011 40 Zi 50 36 46 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11A - RED DEER RIVER (MCM/YEAR) 


YEAR SCEN,. 1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
eae 3 3 3 S| e 
en Boa 4 4 4 4 4 
20.01 2, 4 a 4 i) 
ZO) 6 3 7 5 7 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota. 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tio tal 


2) Del 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 
(MCM/YEAR) 


BASIN 11B 


SCEN.1 
209 
1 


85 
0 


813 


BOW RIVER 
SCEN.2 SCEN.3 
559 559 
1 l 
85 85 
0 0 
168 168 
813 813 
613 719 
2 2 
107 140 
0 0 
192 ee 
913 1088 
593 899 
3 2 
125 208 
0 0 
187 282 
907 1392 
513 1108 
2 3 
138 314 
0 0 
173 312 
827 1798 


SCEN.4 SCEN,.5 


529 
1 
85 
0 


813 


239 
] 


85 
0 


813 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 11B - BOW RIVER (MCM/YEAR) 


SECTOR/YR SEEN SCEN.2 SCEN.3 SCEN.4° SCEN.5 


1981 
Agricul 559 559 559 559 559 
Mineral 18 18 18 18 18 
Manufact 164 164 164 164 164 
Power @) 6) 6) 6) 0 
Municipal 168 168 168 168 168 
Total 910 910 910 910 910 
1991 
Agricul 726 613 719 662 786 
Mineral Dae De 24 Pal 2a, 
Manufact 238 2G Poa th ZO, eS 
Power @) 0 0 @) 0) 
Municipal Zee 192 Dew 24a 226 
Mow 1206 ORY, BAS ISTO eS le? 
ZOOny 
Agricul 885 Sy) 3 899 Hey 1043 
Mineral 3h Il 26 BH pig} 36 
Manufact Si , pehee: 407 244 Lay) 
Power @) @) 0) 0) 0) 
Municipal Dh) 35 1k tS} 7/ DED 239 Dafne 
tote alll 1493 LOS 1621 NP SVG Wes 
ZOWN 
Agricul 1080 S13 LOE 832 iL SHOyS' 
Mineral Ly? Sl Bus By 45 
Manufact Hes 7) 269 ols 279 610 
Power @) ) 0) ¢) ) 
Municipal 2005)» 7/3 S72 265 346 
Toteal! ifs} Syke! 987 2136 1408 ZSOG 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tetar 


AO Le. 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 11B 
SCEN of 


451 


BOW RIVER (MCM/YEAR) 
SCEN.2 SCEN.3 

451 451 45] 
3 3 3 

4 4 4 

0) 0 0 
25 25 25 
483 483 483 
495 581 eR 
3 3 3 

3 7 5 

0 0 0 
27 32 ao 
20 623 S72 
479 726 603 
4 4 4 

6 10 6 

0 0 0 
26 38 33 
ow 779 647 
415 896 672 
4 6 4 

6 14 7 

0 0 0 
24 51 37 
449 967 720 


SCEN.4 SCEN.5 


451 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11B - BOW RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ee a ee Je sao 
a9 726 613 ri 662 786 
2001 885 eb Ee 899 747 1043 
2011 1080 abs 1108 832 1305 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11B - BOW RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ate be, se de 329 oa5 359 
Het 726 613 7339 662 786 
2001 885 eb TS 899 747 1043 
2011 1080 513 1108 832 1305 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, AS6it=-20is 
BASIN 11B - BOW RIVER’ (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 451 451 451 451 451 
|e Be 587 495 581 pe Si 635 
2001 LES 479 726 603 842 
2011 873 415 896 Siz 1054 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-20 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCENs4 SCEN.5 
1981 l 1 ] ] l 
ee | 2 2 2 l 2 
2001 z 2 2 Pd 3 
2011 3 2 3 2 a 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981- 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 18 18 18 18 18 
Loot 24 22 24 21 27 
2001 a 26 32 ra | 36 
2011 42 31 43 32 45 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981- 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 3 3 3 3 
1991 3 3 3 3 4 
2001 4 4 4 4 5 
2011 6 4 6 4 6 


B= FO 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 85 85 85 85 85 
1991 Ge a | 107 140 105 139 
2001 164 L235 208 124 eel 
2011 225 138 314 142 342 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR » SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 164 164 164 164 164 
1991 238 210 274 207 2i3 
2001 321 244 407 244 432 
2011 437 269 613 279 610 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4 4 4 4 - 
he he | 6 a 7 5 7 
2001 8 6 10 6 10 
2011 ll 6 14 7 14 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1391 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201 
BASIN 11B - BOW RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 
(MCM/YEAR) 


BASIN 11B 


YEAR 


SUMMARY OF MUNICIPAL GROSS WATER USE 


BASIN 11B (MCM/YEAR) 


YEAR 


SUMMARY OF MUNICIPALSCONSUMPTIVE USE 


BASIN (MCM/YEAR) 


YEAR 


1981 
baat 
2001 
2011 


1981 
199i 
2001 
Zia 


bis 


981 
io 
2001 
20d 4 


BOW RIVER 

SCEN.1 SCEN 2 
168 168 
oa Le2 
7 Se We) 183 
299 L7'3 


BOW RIVER 

SCEN.1 SCEN.2 
168 168 
249 Lo? 
225 187 
299 173 


BOW RIVER 

SCEN. 1] SCEN. 2 
2D ZS 
em 27 
36 26 
42 24 


SCEN:..3 


168 
Za4 
282 
S72 


SCEN.3 


168 
227 
282 
372 


SCEN.3 
25 
aps 
ao 
ae 


SCEN.4 SCENSS 


168 
2i4 
233 
265 


SCEN.4 “SCEN.5 


168 
a 
239 
265 


SCEN.4S SCEN.5 
23 
nee 
ties 
Cy 


168 
220 
274 


346 


BY SCENARIO AND YEAR, 


168 
226 


274 
346 


BY SCENARIO AND YEAR, 


25 
a2 
39 
50 


£9,8 120 1) 


LoS i=201i 


198 te2 811 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SAGAN 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 


BASIN 11C 


SCEN.1 


551 
0 
10 
0 
12 


573 


- OLDMAN RIVER 


SCEN:.:2 


551 
0 
10 
0 
i 


SCEN.3 


a51 
0 
10 
0 
La 


(MCM/YEAR) 


is & | 
0 
10 
0 
12 


SCEN.4 SCEN.5 


551 
0 
10 
0 
12 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 11C = OLDMAN RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN2 SCEN.3 SCEN.4 SCEN.5 


1981 
AST Loud SiSy il Sysy Il Smal 551 Sybyi| 
Mineral 5 5 5 5) 5 
Manufact ita al el if al vel 
Power 0) 0 0 ) 0 
Municipal eZ 12 2 LY. 1 
Totraul: 579 579 579 579 579 
1991 
IMeak Ail ler 605 710 653 776 
Mineral 6 6 6 5 7 
Manufact 16 14 18 USS 18 
Power 6) 0) 0 0) 0) 
Municipal 15 13 16 LS 16 
Weis cil 754 638 750 688 Sole7 
2001 
Agricul 874 586 887 3) 7 1029 
Mineral 8 7 8 7 9 
Manufact 20 15 24 107 7S 
Power 0 0) 0) 0) 0 
Municipal 18 13 20 17 Ly 
hota: 920 7 Il 939 18 1083 
2011 
Agricul 1066 byO)7/ 1094 oh II 1288 
Mainescas!: iL il 8 ial 8 ie 
Manufact 26 15 Sy 19 32 
Power 0 0 0 ¢) ¢) 
Municipal pag | 12 26 19 24 
Total I Be Bye 1163 867 1356 


A-94 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER’ (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 446 446 446 446 446 
Mineral 0 0 0 0 0 
Manufact 2 2 2 2 2 
Power 0 0 0 0) 0 
Municipal Z 2 2 2 2 
Total 450 450 450 450 450 
1991 
Agricul 579 489 574 528 627 
Mineral 0 ) 0) 0 0 
Manufact 3 5 3 3 3 
Power 0) 0) 0) 0 0 
Municipal 2 2 2 2 2 
Total 584 493 580 535 633 
ZOO 
Agricul 706 473 Cae 596 ths 72 
Mineral @) 6) 0 0 @) 
Manufact 4 3 5 3 5 
Power 0 0 0) @) 0 
Municipal 3 2 3 fe | 
Total PAS 478 Vives. 601 840 
92 ONG 
Agricul 862 409 884 663 LOG 
Mineral l 6) l 0 l 
Manufact 5 3 7 3 7 
Power 6) 0 0) 0 @) 
Municipal 3 2 4 3 3 
TO rat 870 414 895 670 1051 


SUMMARY OF AGRICULTURAL WATER INTAKE 


BY SCENARIO AND YEAR, 1981-2011 


BASIN 11C - OLDMAN RIVER’ (MCM/YEAR) 
YEAR SCEN.1 SCEN. 2 SCENA SCEN.4 SCEN.5 
Lgsi eee is fh oie 551 ste 
1991 yp We 605 710 653 776 
2001 874 586 887 Y ie | 1029 
0 1066 507 1094 S21 1288 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN<2 SCENs 3 SCEN.4 SCEN.5 
1981 su ot Soe = poe | so) 
Te 1 Be WY 605 ria 8 653 776 
2001 874 586 887 YEW, 1029 
ZO} 1 1066 507 1094 821 1288 
SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.c SCEN.4 SCEN.5 
1964 446 446 446 446 446 
bao. d yee 489 574 528 627 
2001 706 473 ry: Dene) 832 
ZO 1 862 409 884 663 1041 
SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-201 


BASIN 11C - OLDMAN 

YEAR SCEN.1 
193.1 0 
$23.1 0 
2001 0 
2011 0 


SUMMARY OF MINERAL 


BASIN 11C - OLDMAN 

YEAR SCEN.1 
1981 5 
19971 6 
2001 8 
ab Be kal ait 


SUMMARY OF MINERAL 


BASIN 11C = OLDMAN 

YEAR SCEN.1 
1981 0 
1991 0 
2001 0 
2011 l 


RIVER (MCM/YEAR) 


SCEN.2 SGENe. SCEN.4 SCENTS 


SESS 
Keay Came fom) Keep) 
BS) 1S) 12) ) 
{[S) Gye 


EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 
RIVER (MCM/YEAR) 


19814 


SCEN.2 SCEN.3 SCEN.4 SCEN.5 


CON DWN 
— CONN 
ON UN 
mwwoOnNWN 


l 


EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981- 


RIVER (MCM/YEAR) 
SCEN.2 SCEN.3 SCEN.4 SCEN.5 
0 0 0 0 
0 0 0) 0 
0 0 0 0 
0 1 0 l 


SUMMARY OF MANUFACTURING WATER INTAKE By SCENARIO AND YEAR, 1981-20] 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 10 10 10 10 10 
i99] 14 Lz LS is 16 
2001 18 :3 21 |e ne 
2011 23 3 28 17 28 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 11 ll 1] | Li 
1991 16 14 18 15 18 
2001 20 15 24 ay 23 
2011 26 ie Lips rs a2 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 
too] 
2001 
2011 


WN & W bo 
WWW Pr 
NM WM W Ph 
WO WW Po 
NM WM W fo 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 


BASIN 11C - OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
L981 2 12 1 
1 LS 13 16 
2001 18 ae 20 
2011 a1 PZ 26 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 11C = OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 12 4 LZ 
19391 15 3 16 
2001 18 tS 20 
20a ZA 1 26 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN 11C = OLDMAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 2 2 Z 
1991 2 2 
2001 3 2 3 
2011 3 2 4 


SCEN.4 SCEN.5 
12 
[bis 
17 
Rg 


4 
16 
19 
24 


L98I~2011 


BY SCENARIO: AND ‘YEAR, LIYSI~-2011 


SCEN.4 'SCEN.5 
12 
15 
yy 
i 


a2 
16 
rg 
24 


BY SCENARIO AND YEAR, 1981-2011 


SCEN.4 SCEN.5 


W NM BM ho 


BW WN dM 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


499] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota 


2001 
REL ew 1 
Mineral 
Manufact 
Power 
Mums ¢ 1p al 


AW oh ers A 


Z 0141 
Aerie | 
Mineral 
Manufact 
Power 
Municipal 


boat 


SUMMARY OF WATER INTAKE BY SCEN 


BASIN 


SCEN.1 


425 
4 
eat 
202 
62 


713 


SCEN.2 


425 
4 
oa 
202 
62 


v13 


SCEN.3 


425 
4 
he 
202 
62 


ri 


ARIO AND YEAR, 
11D - SOUTH SASKATCHEWAN RIVER 


(MCM/YEAR) 


SCEN.4 SCEN.5 


425 
4 
21 
202 
62 


425 
4 
21 
202 
62 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


SECTOR/ YR. SCENT SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 425 42/5 HOPS WINS (ONS. 
Mineral 214 214 214 214 2a 
Manufact E95 195 195 195 195 
Power 395 YOY) 3195 395 3915 
Municipal 62 62 62 62 62 
Total 1290 AQ 121950) 1290 1290 
1991 
Agricul So 466 547 503 598 
Mineral Abie) | Fe 440 229 298 
Manufact 284 BS? 3}S) 34 244 329 
Power 502 463 585 463 Siti 2 
Municipal 80 70 84 78 83 
Tote: 1679 1492 1989 53186 1850 
2001 
Agricul 673 (B'S) i 683 568 WES 
Mineral 3} 5) Ih 293 898 292 424 
Manufact 386 297 SOW 287 5) St 3! 
Power 658 550 847 584 742 
Witeberst wot jayetl 93 69 104 88 100 
uonteaplt BAN) 2 1659 3034 1818 25913 
Dull 
Agricul 821 390 843 632 992 
Mineral 474 349 ey ys 359 Sy ay Jl 
Manufact 528 3333! 765 328 TOYS: 
Power 867 639 1240 689 949 
Municipal 110 64 ee 97 127 
Toieanl! 2799 e770 4957 2106 3384 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 343 343 343 343 343 
Mineral 3 3 3 3 3 
Manufact ES: 1d 1S 15 Le 
Power Ly iy iby ley. 17 
Municipal 9 9 9 9 9 
Total 387 387 387 387 56.1 
1991] 
Agricul 446 376 442 406 483 
Mineral 3 3 5 3 4 
Manufact 22 19 26 19 25 
Power Dal 19 24 19 es 
Municipal al 10 2 real N72 
Toad: Sy eys' 428 509 458 546 
ZOO. 
Agricul 544 364 bys) 459 640 
Mineral 4 4 10 4 5 
Manufact 30 23 39 WD) 4] 
Power Dy D3. 3 24 syil 
Municipal 13 10 14 iz 14 
Moja! 618 oS ‘)3) Al Dizal. 132 
2011 
Agricul 664 Bu 681 Bilal 801 
Mineral 6 4 2D 4 7 
Manufact 41 26 59 25 59 
Power 36 Day 52 29 39 
Municipal is 9 ig 13 18 
Total Let 381 833 583 925 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCENS'S SCEN.4 SCEN.5 
1981 425 425 425 425 425 
i de mes 466 547 503 598 
2001 673 451 683 568 ree 
2011 821 390 843 632 ae2 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCENSZ SCEN.3 SCEN.4 SCEN.5 
1981 425 425 425 425 425 
noo ey 466 547 503 598 
2001 673 451 683 568 re 
2011 Sau 290 843 632 392 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN. 4 SCEN. 5 
Pied 355 343 343 343 343 
Uo 446 376 442 406 483 
2001 544 364 ae 459 640 
ZOU 664 Gt I S) 681 Sal 801 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN«2 SCEN. 3 SCEN. 45 SCEN.O 
1981 4 4 4 4 4 
P99. b) 4 8 4 5 
2001 6 5 16 5 8 
elt 8 6 34 6 10 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 198: 
BASIN 11D - SOUTH SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
bye 214 214 214 214 214 
Me de | 261 241 440 ay Me 298 
2001 sat 293 898 292 424 
2A OY | 474 349 73 359 Jot 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 198: 
BASIN 11D - SOUTH SASKATCHEWAN RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 3 3 3 3 
1991 3 3 5 3 4 
2001 4 4 10 4 5 
2011 6 4 22 4 7 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCEN 


BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 a 21 ai 
199] a aie 36 
2001 4] a1 33 
2011 56 ze 79 


SUMMARY OF MANUFACTURING GROSS WATER 
BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR + SCEN.1 SCEN.2 SCEN,3 
1981 Hee Sie 195 123 
ih eB 284 253 333 
2001 386 297 502 
2011 528 333 765 


SUMMARY OF MANUFACTURING CONSUMPTIVE 
BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN. 1 SCEN.2 SCEN.3 
1981 rs Lia 15 
pao 22 Ne 26 
2001 30 ae 39 
mod 4] 26 aS 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND SEARS. 


BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN,.3 
1981 202 202 202 
Me de te" 249 230 Pa Ie 
2001 Sey, at ie 421 
2011 431 318 616 


(MCM/ YEAR) 


SCEN.4 SCEN.5 
21 
at 
31 
36 


USE BY SCENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.4 SCEN.5 
195 
244 
287 
328 


USE BY SCENARIO AND YEAR, 


(MCM/ YEAR) 


SCEN.4 SCEN.5 
RS) 
19 
vi 
a 


(MCM/YEAR) 


SCEN.4 SCEN.5 
202 
230 
290 
342 


ARIO AND YEAR, 


23 
a5 
56 
79 


i135 
329 
533 
765 


15 
25 
41 
a9 


202 
270 
369 
472 


1981-2011 


1981-2011 


1961-2014 


1981=2011 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201 


BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 a95 395 395 
1991 502 463 585 
2001 658 550 847 
2011 867 639 1240 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 


BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 17 17 17 
1991 ~s 19 24 
2001 27 23 33 
2011 36 27 52 


(MCM/ YEAR) 


SCEN.4 SCEN.5 
395 
463 
584 
689 


(MCM/YEAR) 


SCEN.4 SCEN.5 
17 
19 
24 
29 
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395 
542 
Pas 
949 


17 
23 
31 
39 


1981-201. 


SUMMARY OF MUNICIPAL WATER INTAKE BY 
BASIN 11D - SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCENs 2 SCEN.3 
L9Sd 62 62 62 
rok 80 70 84 
2001 93 67 104 
2011 110 64 LT, 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 11D = SOUTH SASKATCHEWAN RIVER 


YEAR SCEN. 1 SCEN.2 SCENs3 
1981 62 62 62 
199) 80 70 84 
2001 Se) 69 104 
207 U1 110 64 US ey 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN JID = SOUTH SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN. 2 SCEN. 3 
Brew 2) 9 9 
ee Be a 11 10 12 
2001 es Tee ee) 14 
2011 ite: 9 LS 


SCENARIO AND YEAR, 1981-2011 


(MCM/ YEAR) 
SCEN.4 SCEN.5 
62 62 
78 83 
88 100 
Dh bah 


BY SCENARIO AND YEAR, 
(MCM/YEAR) 


SCEN. 4) SGEN«) 


62 62 
78 owe 
88 100 
Cs P27 


BY SCENARIO AND YEAR, 
(MCM/YEAR) 


SCEN.4 SCEN. 5 


9 9 
1] {Be 
is 14 
|e 18 
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1981=—201 1 


1981=2011 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tota 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2A 
AS oe 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER INTAKE BY § 


BASIN 12A 


SCEN.1 


6 


OLD WIVES LAKE 


SCEN.2 


(ST Ke jo eo Wires 1X0 0) 


39 


SCEN.3 


6 


CENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.4 SCEN.5 


a Sen 


95 
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1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


SECTOR/YR SCEN.:1 SCEN.2 SIGE Nees SGEN. 4 SCEN a> 

1981 
Agricul 64 6 
Mineral 0 
Manufact 0 
Power 0 
¢) 


Municipal 


Toces 64 64 64 64 64 


1991 
Agricul 83 
Mineral 0) 
Manufact 0 
Power 6) 
Municipal 1 


Total 83 70 83 76 90 


2001 
Agricul 101 68 
Mineral 0) 6) 
Manufact 0) 0) 
Power 0) 0) 
Municipal st l 


Total 102 68 103 86 120 


PAO IE Al 
Agricul b23 5 
Mineral 6) 
Manufact 0) 
Power 0) 
Mumnived pal 1 


Ol O.OQne 


Woitsael! 124 59 i 727 95 L510 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-201) 
BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


SECTOR/YR SCEN,]1 SCEN..2 SCEN. 3 SCEN.4 SCEN.5 

1981 
Agricul ppl 5 
Mineral @) 
Manufact 0 
Power 0 
0 


Municipal 


Oo OS 


Total =o a3 51 aA 51 


1991 
Agricul 67 
Mineral 0 
Manufact 0 
Power ¢) 
Municipal 6) 


OOO 3G Ox 
O1OS7O 0% 


Total 67 56 66 61 we 


2001 
Agricul 81 
Mineral O 
Manufact 0 
Power ¢) 
armatiedincay| 6) 


Snort 
OVO Orerts 
Mem | an Ean ilo) 


Total 82 Bs 83 69 96 


20111 
Agricul 9 
Mineral 
Manufact 
Power 
Municipal 


2} eee ew gio) 
oO OO-o =I 


Total 100 47 102 a7 120 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 


BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 64 64 64 64 64 
Ao 91 83 70 82 re 90 
2001 FOL 68 102 85 Di 
2011 Ls 58 126 93 149 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 


BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1961 64 64 64 64 64 
9S 1 83 70 82 re 90 
Z0G1 101 68 102 85 pe 
a8 MA 123 58 126 ih 149 


1981-2011 | 


Losi=2011 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND TEAR, hk 9en=20.1) 


BASIN IZA = OLD WIVES LAKE ‘(MOM/PYEAR) 


YEAR SCEN.1 S CEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 51 51 at ak a 
139'1 67 56 66 61 ree 
2001 81 BS) 83 69 96 
ZON I 99 47 102 a PaO 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO 
BASIN 12A = OLD WIVES VEARE (MCM/YEAR) 


YEAR SCEN. 1] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 ce) 0 0 
1 ee 0 0 0 0 0 
2001 0 0 0 0 0 
2004 0 0 0 0 0 


AND YEAR, 


b981-2G 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981 


BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
T9 Si 0 0) 0° 0 0 
Loot 0 0 0 0 0 
2001 0 0 0 0 0 
eee tol 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 198] 


BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
te Be 0 0 0 0 0 
2001 0 0 0 0) 0 
2011 0) 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCEN 


BASIN 12A - OLD WIVES LAKE 


YEAR SCEN.1 SCEN.2 
1981 
1991 
2001 
2011 


i SS 
SS roc 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO 


BASIN 12A - OLD WIVES LAKE 


YEAR 4 SCEN.1 SCEN.2 
1981 0 0 
1991 0 0 
2001 0 0 
2011 0 0 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO 


BASIN 124 °— OLD WIVES LAKE 


YEAR SCEN.1 SCEN.2 
1981 0 0 
rg9l 0 0 
2001 0 0 
zur 0 0 


SUMMARY OF POWER GENERATION 
BASIN 12A - OLD WIVES LAKE 


YEAR SCEN.1 SCEN.2 
1981 0 0 
1991 0 0) 
2001 0 0 
2011 0 0 


SUMMARY OF POWER GENERATION 
BASIN 12A - OLD WIVES LAKE 


YEAR SCEN.1 SCEN.2 
1981 
dB 
2001 
2011 


ua 
oo oS > 


SUMMARY OF POWER GENERATION 
BASIN 12A - OLD WIVES LAKE 


YEAR SCEN.1 SCEN.2 
1981 0 0 
1991 0 0 
2001 0 0 
2011 0 0 


(MCM/YEAR) 


SCEN.3 


[ee ae AK 


(MCM/ YEAR) 


SCEN.3 


S708 


(MCM/YEAR) 


SIGE Nees 


Oo © @ 


WATER INTAKE BY SGENARIO 


(MCM/YEAR) 


SCEN.3 


OOo S 


GROSS WATER USE BY SCENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.3 


oOo 2 2 


CONSUMPTIVE USE BY SCENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.3 


Of 2 oO 
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SCEN.4 SCEN.5 


Ooo 


SCEN.4. SCEN.5 


S1Olous 


SCEN.4 SCEN.5 


SOV 


SCEN.4 SCEN.5 


(pI am TE oe Wm) 


SCEN.4 SCEN.5 


i). OS 


SCEN.4 SCEN.5 


se en TS oom oe 


ARIO AND YEAR, 


1981-201] 

f 
0 
0 
0 
0 
AND YEAR, 1981-2011 
0 
0 
0 
0 
AND YEAR, 1981-2011 
0 
0 
0 
0 
AND YEAR, 1981-2011 
0 
0 
0 
0 

1981-201 


oO oO Oo 


re 6 SS 


1981-2011 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Peet 0 0 0 0 0 
es ae | 1 1 1 1 1 
2001 ] l ] 1 1 
2011 l 0 1 1 1 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 19861-2011 
BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 9) 0 0 0 0 
1991 1 1 1 1 1 
2001 1 1 1 1 1 
2041 ] 0 l 1 1 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12A - OLD WIVES LAKE (MCM/YEAR) 


YEAR SCEN. 1 SCEN. 2 oCEN.. 3 SCEN.4 SCEN.5 
ist 0 0 0 0 0 
Los 0) 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 50 50 50 50 50 
Mineral 13 ibs" ibs! 1h 3! 13 
Manufact 3 iS 3 i 
Power 0 0) 0 6) 
Municipal co | 31 31 31 31 
TO ta O17 97 97 97 97 
1991 
Agricul 65 oe) 65 59 jig! 
Mineral 16 ES) 28 14 19 
Manufact 4 4 4 4 5 
Power ¢) 0 0 0 0 
Municipal 41 36 43 40 42 
Toca 2 LATO 140 iaikés! 136 
Zoe 
Agricul 80 I 81 67 94 
Mineral Dae. 19 58 18 om, 
Manufact 6 4 6 5 6 
Power 0) O 0 ¢) @) 
Municipal 48 3) 54 46 Sy 
Total 1535 lll 198 136 178 
2OT 1 
Agricul 97 46 100 75 ey, 
Mineral 30 BD 27 23 BS 
Manufact 8 4 9 5 8 
Power ) 6) 0 6) 0 
Municipal 56 a 72 = 62 
Total 191 105 307 154 eS 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 128; —<_QU‘APPELLESRAVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN. 2 SCEN.S SCEN. 4 SCEN.S 


1981 
Agricul 50 50 50 50 50 
Mineral 2e/ PLN PANT Daley, Dilys, 
Manufact 148 148 148 148 148 
Power O @) 0) 0) 0) 
Municipal a op om 3 31 
Total 445 445 445 445 445 
1991 
Agricul 65 eye] 65 59 Ta 
Mineral 265 244 451 232 302 
Manufact 209 ES) 2153 191 228 
Power 0 0 0) 0) 0 
Municipal 41 36 43 40 42 
Torta! Syte) Il 510 WAM Hj 22 643 
2001 
Agricul 80 5S 81 67 94 
Mineral 356 297 924 296 431 
Manufact 297 193 306 BSA 383 
Power 6) O @) 0) O 
Municipal 48 32 54 46 =p 
Toten: 780 579 1365 660 908 
ZOnlal 
Agricul 97 46 100 io as bi 
Mineral 480 354 2036 365 560 
Manufact ADS 187 445 B00 44] 
Power 0) 0) O 6) O 
Municipal 56 ag lee 51 62 
Mota IOYS).7/ 621 ZOD 800 1180 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-201]1 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


SECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 41 4] 41 4] 4] 
Mineral 3 3 3 3 3 
Manufact 1 1 l l l 
Power 0 0) @) 0 0 
Municipal b) 5 5 5 5 
Total 49 49 49 49 49 
1991 
Agricul =| 44 52 48 57 
Mineral 3 3 6 3 4 
Manufact ] l 1 l 2 
Power 0) 0) 0 6) 6) 
Municipal 6 5 6 > 6 
Total 63 54 65 58 68 
2001 
Agricul 64 43 65 54 76 
Mineral 5 4 12 4 6 
Manufact 2 l 2 2 2 
Power @) 0 0 0 0) 
Municipal 6 5 7 6 7 
Total its) 53 87 66 91 
PAIS 
Agricul 78 Shi 80 60 95 
Mineral 6 5 27. 5 7 
Manufact 3 2 3 2 3 
Power 0 0 0 0 0 
Municipal 8 - 10 tf 9 
Total 95 48 LAG 74 114 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 50 50 50 50 50 
ie ew! 65 a5 65 59 fel 
2001 80 =e! 81 67 94 
a0 i) 97 46 100 Te ps tee 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN. a SCEN.4 SCEN.5 
1981 50 50 50 50 50 
eB 65 55 65 59 Ti 
2001 80 oy 81 67 94 
LOT oy 46 100 hen bi? 
SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 


BASIN 12B — QU'APPELLE RIVER (MCM/YEAR) 

YEAR SCEN, | SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4] 41 4] 4] 4] 
eel ae 44 Dia 48 oe 
2001 64 43 65 54 76 
2011 78 a7. 80 60 22 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-20] 


BASIN 12B = QU'APPELLE RIVER (MCM/YEAR) 

YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN oS 
1981 bs is V3 13 LS 
Le 16 ee 28 14 Vg 
2001 22 se) 58 18 ad 
20nd 30 22 Nera 23 ao 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 


BASIN 12B - QU'APPELLE RIVER (MCM/ YEAR) 

YEAR SCEN.1 SCEN.2 SCEN.S SCEN.4 SCEN.5 
1981 217 og 217 ai7 Ale 
io 265 244 451 eae 302 
2001 aie 297 924 296 431 
2011 480 354 2036 365 560 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE 
BASIN 12B = QU'APPELLE RIVER 


YEAR 


rset 
1991 
2001 
2011 


SCEN.1 


DWM WwW Ww 


SCEN.2 


3 
3 
4 
5 


(MCM/YEAR) 


SCEN.3 
3 
6 
Za 
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SCEN.4 SCEN.5 


WM & WwW Ww 


USE BY SCENARIO AND YEAR; 


ND &W 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 a 5) 3 3 
r991 4 4 4 4 5 
2001 6 + 6 5 6 
2011 8 4 9 e) 8 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1951-201 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


TEAR (* SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 148 148 148 148 148 
1391 209 AB de 213 ee 228 
2001 297 193 306 peop | 433 
2011 423 187 445 310 44] 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND TEAR, 1981=—2011 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1 l l 1 1 
£95) l 1 1 1 Zz 
2001 2 ] 2 2 2 
2011 3 2 a 2 3 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
Peele ZB = QU*APPELLE. RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0) 0 0 0 
1991] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199) 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12B - QU'APPELLE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0) 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12B = QU'APPELLE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
196i oe Sf ait 31 a0 
1G 4] 36 43 40 42 
2001 48 BI 54 46 51 
2011 56 33 ry ak 62 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 128 = QU"APPELILE RIVER ArUMGM/ YEAR) 


YEAR SCEN.1 SCENis 2 SCENG SCEN.4 "“SCEN.5 
1961 31 ou as 31 a1 
Poo) 4] 36 43 40 42 
2004 48 35 54 46 at 
2051 56 a0 da ak 62 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 128 = QU*APPELLE RIVER “MCM/YEAR) 


YEAR SCEN.1] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19 si 5 5 5] S| 5 
P99 6 5 6 5 6 
2001 6 5 7 6 7 
2040 8 4 10 7 9 
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SECTOR/YR 
198] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


199] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lora. 


ZO WT 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER 


BASIN 12C 


SCEN,.1 


INTAKE BY SC 


- SOURIS RIVER 


SCEN,.2 


(MCM/YEAR) 


ENARIO AN 


D YEAR, 


SCEN.4 SCEN.5 


SCEN,.3 
25 25 
0 0 
0 0 
554 554 
4 4 
583 283 
a2 29 
0 0 
0 0 
799 632 
5 2 
837 667 
40 32 
0 0 
0 0) 
L157 797 
: 6 
1204 Say 
49 37 
0 0 
0 0 
L693 941 

9 
1752 985 
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1981-201] 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981=-2011, 
BASIN 12C - SOURIS RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 5 25 ee) Z5 23 
Mineral 0) 0) O 0) 0) 
Manufact ) @) 6) 0 0 
Power 1086 1086 1086 1086 1086 
Munied pal 4 4 4 4 4 
Mo tra EAS bas babs: iL NGS Peles 
1E9I93) 
Agricul 32 a, Bo 29 55 
Mineral 0 0) 0 0) 0 
Manufact ¢) O 0) 0) 0) 
Power US} FAs} WAT 1608 eae 1490 
Municipal 3) 3) 5 5 5 
Wowecil a7 1304 1646 i SVOV7 i Sy shal 
OOn 
Agricul 39 26 40 33 46 
Mineral 0) 0) 0 0 O 
Manufact l 0) 1 6) l 
Power 1809 LS IL DEN DT 1604 2038 
Municipal 6 4 7 6 6 
Morcrarlt ei Nescenl Pie) J} 5 1643 2092 
BOLL Il 
Agr teu) 48 S| 49 By), 58 
Mineral @) O 6) @) 0) 
Manufact l 0 1 1 l 
Power 72 S\ish Il IL Sy 3405 1892 2607 
Municipal 7 4 9 6 8 
Moieall 2437 1784 3465 EIB 2674 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-20)])] 
BASIN 12C - sourRts RIVER (MCM/YEAR) 


SECTOR/YR SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 20 20 20 20 20 
Mineral 0) @) 0 0 0 
Manufact 0 0) 0 ¢) 0 
Power 24 24 24 24 24 
Municipal ] il 1 l 1 
Total 45 45 45 45 45 
19.91 
Agricul 26 Ben 26 24 28 
Mineral O 0 0) 0 ¢) 
Manufact 0 0 ) ) 0 
Power 30 27 35 27. BZ 
Municipal 1 1 1 ] 1 
total 57 50 61 52 61 
2001 
Agricul cs a 32 a 38 
Mineral 6) @) 0 O 0 
Manufact @) O 0 ) 0 
Power 39 33 50 S15 44 
Municipal 1 1 it 1 ] 
to tad oe 55 83 2 82 
ZO 
Agricul 39 18 40 30 47 
Mineral 6) 0) O O 6) 
Manufact 0 0) @) 0) 0) 
Power Sil 38 73 41 56 
Municipal l ] 1 1 
Lota. 91 5 ales: Ff 104 
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SUMMARY OF AGRICULTURAL WATER INTAKE 


BASIN 12C = SOURIS RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 
P95 1 fae 25 te 
Whe fhe Ba 32 27 32 
2001 39 26 40 
2011 48 23 49 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO 


BASIN 12C - SOURIS RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 
198] 23 25 20 
ea 32 27 32 
2001 se 26 40 
2014 48 23 49 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO 


BASIN 12€ = SOURIS RIVER (MCM/YEAR) 
YEAR SCEN. 1 SCEN. 2 SCEN.3 
1931 20 20 ail) 
Lost 26 Ze 26 
2001 32 pag 32 
2011 38 18 40 


SUMMARY OF MINERAL 


BASIN 12€ = SOURIS RIVER (MCM/YEAR) 

YEAR SCEN.1 SCEN. 2 SCEN. 3 
1981 0 0 0) 
org 4 0 0 0 
2001 0 0 0 
2011 0 0 0 


SUMMARY OF MINERAL 


BASIN 12C - SOURIS RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 
1981 0 0 0 
1997 0 0 0 
2001 0 0 0 
20.01 0 0 0 


SUMMARY OF MINERAL 


BASIN 12C - SOURIS RIVER (MCM/YEAR) 

YEAR SCEN.1 SCEN.2 SCEN.3 
1981 0 0 0 
1391 0 0 0 
2001 0 0 0 
20014 0 0 0 


EXTRACTION WATER INTAKE BY SCENARIO 


BY SCENARIO AND YEAR, 


SCEN.4 SCEN.5 


P981<2011 


25 25 
29 35 
33 46 
37 58 
AND YEAR, 1981-2011 
SCEN.4 SCEN.5 
25 25 
29 35 
33 46 
37 58 
AND YEAR, 1981-2011 
SCEN.2 SCEWoS 
20 20 
24 28 
jay) 38 
30 47 
AND YEAR, 1981-20! 


SCEN.4 ISCEN.5 


SOO 
SES) 


SCEN.4 SCEN.5 


Say 1S) 
BES Oue) 


EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 


SCEN.~4 SCEN.5 


oo ae 
(Sy (aes so) 


A- 120 


EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981- 


1981s 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-20) 
BASIN 12C - SoURIS RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN,3 SCEN.4 SCEN,.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 l 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 12C - souURIS RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 1 0 1 0 l 
2011 l 0 1 1 1 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-2011 
BASIN 12C - SouURIS RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ) 0 0 0 0 
ee 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12C - SoURIS RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 554 554 554 554 554 
1991] 685 632 799 O22 740 
2001 899 Loo Diy 197 1013 
2011 1184 873 1693 94] L236 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12C - SOURIS RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1086 1086 1086 1086 1086 
1991 1378 | ae at | 1608 1Zi2 1490 
2001 1809 1510 boas 1604 2038 
2011 2381 Lead 3405 1892 2607 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12C - SOURIS RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 #£SCEN.4 SCEN.S 
198] 24 24 24 24 24 
199] 30 27 35 27 32 
2001 39 33 50 35 44 
2011 51 38 74 4] 56 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO 


BASIN 12C - SOURIS RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 4 4 4 
1991 5 5 ) 
2001 6 4 7 
20h 7 4 2 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 12C - sSouURIS RIVER (MCM/YEAR) 


YEAR SCEN..] SCEN«2 SCEN.3 
19S] 4 4 4 
i Be ie! = fe) | 
L100 6 4 if 
2011 7 4 9 


SUMMARY OF MUN LOD ATL CONSUMPTIVE USE 
BASIN 12C - SouRIS RIVER (MCM/YEAR) 


YEAR SCEN.d SCEN..2 SCEN. 3 
1981 
199] 
2001 
2011 


— i be pe 
bh pe pe 
_— — — 


SCEN.4 SCEN.5 


DDN 


BY SCENARIO AND 


SCEN. 4 SCENY 5 


DDW LE 


BY SCENARIO AND 


SCEN.4 SCEN,.5 


el oe a 


Ha122 


AND YEAR, 


ODN -& 


YEAR, 


ONDULE 


YEAR, 


— he 


1981-201) 


1981-2011 


BIS 1=Z051 


SoGLOR/ XR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


deo tee 


19491 
AS TAC 1). 
Mineral 
Manufact 
Power 
Municipal 


dbem ence | 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


chop er- we 


ZO 1 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Ost ad 


SUMMARY OF WATER INTAKE BY SCENARIO AND 
ASSINIBOINE RIVER 


BASIN 12D 
SCEN.1 

Suk 

1 

4 


56 
Ly 


110 


224 


SCEN.2 


32 
1 
4 

56 

17 


110 


SCEN.3 


32 
l 
4 

56 

17 


110 
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(MCM/YEAR) 


SCEN.4 SCEN.5 


32 
] 
4 

56 

{7 


110 


YEAR, 


1981-2011 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


breve syal 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Weyegial 


2001 
Agricul 
Mineral 
Manufact 
Power 
Manicipal 


Mota li 


ZOe 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tota Ii 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981- 
ASSINIBOINE RIVER 


BASIN 12D 
SCEN.1 


a2 
1 
65 
110 
ig 


220 


SCEN.2 


32 
] 
65 
LA 
ri 


MPS 8) 


SCEN.3 
a2 
l 
65 
110 
17 


226 


255 
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(MCM/YEAR) 


SCEN.4 SCEN.5 


a2 
l 
65 
EEO 
yy, 


226 


5g a 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Totadl 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


retest 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


ORL 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENA 


BASIN 12D 


SCEN.1 


ASSINIBOINE RIVER 


SCEN.§ 2 


SCEN.3 


fi Bs KS 


50 
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(MCM/YEAR) 


Fowowo 


45 


RIO AND YEAR,1981-20)] 


SCEN.4 SCEN.5 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. I SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 52 32 a2 a2 we 
1991 42 36 42 38 46 
2001 51 34 ae 43 61 
2014 63 30 64 48 76 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN@4 SCEN.5 
L981 32 Be a2 a2 32 
IRs 42 36 42 38 46 
2001 et 34 52 43 61 
2011 63 30 64 48 76 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 26 26 26 26 26 
99 | 34 ae) 34 So 37 
2001 42 28 42 ce) 49 
PRON TR el 24 De 39 61 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981=2% 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ie oat l l l l 1 
leet Rt ] l l 1 1 
2001 1! 1 3 ] l 
2011 2 1 7 1 Ps 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Posi l l 1 1 l 
1991 2 2 5 l s 
2001 2 2 6 2 3 
2011 3 Zs 13 2 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981- 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR S:CiRiN eel 5 GE NieZ SCGBENees SCEN..4 SiC EINe) 
1981] @) e) 0 0 0 
1991 O ¢) 0 0) 0 
2001 ) O 6) 0 0 
ZO nol O @) ) 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-20]) 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4 4 4 4 4 
1991 b) 5 6 5 6 
2001 7 ) 8 6 9 
2011 9 6 Le 6 i 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 65 65 65 65 65 
1991 94 84 Lil 81 110 
2001 i129 99 167 96 178 
2011 176 ta | 23) 109 yee 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCENG? SCEN.3 SCEN.4 SCEN.5 
1981 2 2 Z 2 2 
M31 2 2 3 2 3 
2001 3 2 4 : - 
2011 - e) 6 3 6 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND LEAR, 198:1-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 56 56 56 56 56 
1391 70 64 81 64 oo 
2001 91 76 118 81 1:03 
2011 120 89 NF a 96 L327 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/ YEAR) 


YEAR SCEN. 1] SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 110 110 110 110 110 
1991 140 129 164 129 i131 
2001 184 154 237 163 207 
2011 242 179 346 192 265 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCENES SCEN.4 SCEN.5 
1981 i 17 by v7 Org 
1992 Ze 19 zn Ze 23 
2001 26 19 29 Za 27 
2011 30 18 39 28 34 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN.«1 SCEN.2 SCEN.3 SOEN. 49S CEN #5 
1981 17 Ly i 17 i 
Loo] Zé 1-9 23 22 23 
2001 26 ee rae, zo a7 
ZU 14 30 18 ao 28 34 


SUNMARY OF MUNICIPAL, CONSUMPTIVE) USEV BY SCENARIO AND YEARes 1981S201" 
BASIN 12D - ASSINIBOINE RIVER (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN 3 SCEN.4 SCEN.5 
Loe.) Z 2 2 Z Z 
Loo} 5 3 3 3 3 
2001 3 S) 4 ) 4 
PEON 4 Z 5 4 5 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


CTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 


ricul 3 5 5 5 5 
neral 0 0) ) 0) ¢) 
nufact @) @) 0) 0) @) 
wer 6) 0) 0) 0 0) 
nicipal l if l 1 1 
al. 6 6 6 6 6 
1991 
eieul 6 5 6 6 yi 
neral 0) 0) 0) 0 O 
nufact 0 O ) 6) ¢) 
wer 0 @) 0) @) ) 
nicipal l 1 i 1 1 
eal: 8 6 8 7 8 
206) 1 
ricul 8 5 8 6 9 
meral 6) @) 6) O @) 
nufact @) 0 0 O ) 
wer 6) 0) 6) 0 @) 
nicipal l 1 1 1 1 
‘apc 9 6 10 8 ll 
27011 
ricul 9 4 10 7 i 
neral O 6) 0) 0) 6) 
nufact 6) 0) 0) 0 @) 
wer ¢) 6) 0) 0) 0) 
nicipal l l 2 1 2 
tal 11 6 12 9 13 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


SECTORS YR LSCEN, 1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 5) 5 5 2 5 
Mineral 0) 6) 0) 0) 0) 
Manufact 6) O 0) 0) 0 
Power @) 0) 0 0) 0) 
Municipal 1 1 l 1 l 
Lota 6 6 6 6 6 
1991 
Agricul 6 5 6 6 7 
Mineral O 0) 0) O 0 
Manufact 0 0) ) 0) ) 
Power O O 0) 6) 0) 
Municipal il 1 l l l 
total 8 8 7 8 
ZOOn 
Agricul 8 = 8 6 9 
Mineral 0) 0) 0) 0) 0) 
Manufact l 0 il @) l 
Power @) 0 0 0 0 
Min te 7, pal i! 1 1 l l 
IWeyjei al 9 6 10 8 ifs 
AON Al 
Agricul 9 4 a8 7 ll 
Mineral 0) 6) 6) 0) 6) 
Manufact l @) l l l 
Power 0) @) 0 O O 
Municipal if 1 2 1 2 
Mota il 6 eZ 9 14 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-2011 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


ECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
gricul 4 4 4 4 4 
ineral 0 0 0 0 0 
anufact 0 0) 0 0 6) 
ower 0 0 0 0 0) 
unicipal 6) 0 0 0 0 


otal 4 4 4 4 4 
1991 
gricul 5 4 5 5 6 
ineral 0) 0 0 0 0 
anufact 0 0) 0) 6) 0 
ower 0) 0 ) 6) 0) 
unicipal 0) 0 0 0 0 
otal 5 4 5 5 6 
2001 
gricul 6 4 6 5 7 
ineral O 0) ¢) ) ) 
anufact 0 0 ) 0 0 
Ower 0) 6) 6) 6) 0 
unicipal 0) 0) 0 0) 0 
otal 6 4 6 5 7 
ZOT] 
gricul 8 4 8 6 9 
ineral O @) O O 0 
anufact O ¢) 0) 0 0) 
ower 6) O O O 0 
unicipal 0) 0 0 0 0 
otal 8 4 8 6 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Loo Ms 5 > 5 5 
| 6 = 6 6 ie 
2001 8 5 8 6 9 
U8 < 4 10 7 11 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, ESSi=Z0l) 
BASIN 12E - PEMBINA RIVER (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.«4 SGCEN.5 
1981 5 5 5 5 5 
te Re 6 5 6 6 7 
2001 8 5 8 6 9 
ZOU 1 5) 4 10 7 me 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3  SCEN.4 SCEN.5 
1981 4 4 4 4 4 
1991 5 4 5 5 6 
2001 6 4 6 5 i: 
2011 8 4 8 6 9 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
es | 0 0 0 0 0 
P94 0) 0 0 0 0 
2001 0 0 0 0 0 
ZU LL 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN,. 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199) 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0) 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L931 0 0 0 0 0 
1994 0 0 0 0 0 
2001 0 0 0 0 0 
2001 0 0 0) 0 0 


A= 1532 


MMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
PEMBINA RIVER 


SIN 12E 


AR 


MMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO 
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MMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 


1981 
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2011 
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MMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 


SIN 


AR 


1981 
1991 
2001 
2011 


12E 


1981 
199] 
2001 
2011 


SCEN. 1 


Co Ga 


SCEN.2 


PEMBINA RIVER 


SCEN.1 


—- - OC 


SCEN.2 


PEMBINA RIVER 


SCEN.1 


OY ee PN cae 


SCEN.2 


PEMBINA RIVER 


SCEN. 1 


0 Tm ae Ya 


SCEN.2 


PEMBINA RIVER 


SCEN.1 


to Ror 


SCEN.2 


PEMBINA RIVER 


SCEN.1 


oe > i) 


SCEN.2 


I oe TE ee 1 eae (ee es a ae HL oo oO © [eo fas ea Pe) | co JN a I cee Fc 


i Sai Kk 


(MCM/YEAR) 


SCEN.3 


, ae Ee se Yolen he 


(MCM/YEAR ) 


SCEN.3 


er OO 


(MCM/YEAR) 


SCEN.3 


SOvoore 


(MCM/YEAR) 


SCEN.3 


ce Se Yl ce TE > 


(MCM/YEAR) 


SCEN.3 


(gl ee Ree Vow 
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ec 16 a dak I 
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SCEN.4 SCEN.5 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1 1 l 1 l 
L395 1 1 l 1 1 1 
2001 1 1 1 1 1 
2011 1 1 2 1 2 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 ‘SCEN.S 
1981 1 1 1 1 1 
rol 1 1 1 1 1 
2001 l 1 1 1 1 
2011 1 1 2 1 2 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12E - PEMBINA RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L3s1 0 0 0 0 0 
ee ie de 0 0 0 0 0 
2001 0 0 0 0 0 
2041 0 0 0 0 0 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 12F - RED RIVER (MCM/YEAR) 


ECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
gricul Le 12 12 12 12 
ineral 0 @) @) 0) 0 
anufact 17 17 Le. 17 Fs 
ower @) @) 0) 0) ) 
unicipal 102 102 102 102 102 
Stal Toa lau 134 13 phsyal 
199] ; 
gricul 16 14 16 15 Lt 
ineral 0 0) 0 0) 0 
anufact 23 20 24 PEM 25 
ower ) 0 @) ) 0) 
unicipal 138 120 144 134 141 
otal slr are 154 184 17.0 Kes 
2001 
Zricul 20 13 20 16 23 
ineral ) 0) 0) 0 0 
anufact 30 2a 32 DS 34 
ywer 0) 0) ) 6) 0 
gnicipal 160 1s 181 sy 3 ner) 
otal 209 L5i2 2365 195 220) 
ZO! 
fricul 24 1 24 18 29 
ineral 0) ) 6) O 0) 
mufact 38 Dai 44 29 ) 
ywer 6) 6) ¢) ¢) 0 
inicipal 189 109 242 ih Ff 208 
otal DO Tad 30 219 281 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981=-2011, 
BASIN 12F - RED RIVER’ (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 12 i2Z 1 2 12 1's 
Mineral O 0) 0) 6) 0) 
Manufact 86 86 86 86 86 
Power 0) 0) 0) 6) 0) 
Municipal 102 102 102 1Qz 102 
Totaw 201 2 On 201 201 201 
1991 
Agricul 16 14 16 15 iw, 
Mineral 0) 0 0) 6) O 
Manufact Lak 7 100 MLS} 109 126 
Power 6) @) 0) 0) 0 
Municipal 138 eA) 144 134 141 
Morte aul: Daal 234 282 254/. 284 
2001 
Agricul 20 13 20 16 25 
Mineral 0 0 0) 0 0 
Manufact Wal al it Le 2 Sh I FS: 
Power 0) 0) 0) O 6) 
Municipal 160 118 181 133 170 
Wo eel 341 DIED 33 301 368 
2011 
Agricul 24 i 3 24 18 29 
Mineral ) 0) 6) 6) O 
Manufact BE 114 247 158 2216 
Power @) O 6) 0 O 
Municipal 189 109 DUD e/a 208 
Mo tall 437 235 Slur B42 464 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12F - RED RIVER’ (MCM/YEAR) 


ECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
gricul 10 10 10 10 10 
‘lineral 0 ) @) 0 0 
lanufact ¥ 4 2 2 2 2 
ower ) 0) 0) ¢) 0) 
unicipal 15 15 |e LS iS 
‘otal 28 28 28 28 28 
1991 ; 
wricul 13 Li 13 Pz 14 
fineral (0) 0) 0 0 0) 
fanufact 3 3 8 3 4 
Yower 0 0 0) 0) 0) 
Micipal 19 16 19 18 19 
total 35 30 36 a5 37 
2001 
gricul 16 11 16 Us 1S 
fineral 0 0 6) 0) 0) 
fanufact 4 3 5 3 5 
ower @) ) @) 0) 0 
funicipal De 16 oes 20 23 
fotal iD 29 45 B77 47 
Pay 
Agricul 19 se) 20 15 23 
Aineral 6) O 0 @) 0) 
Manufact 6 3 6 4 7 
Ower 0 0) 0) 6) 0) 
Municipal Z2 as 32 Za z9 
fetal 50 27 58 42 58 


A-137 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12F = RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 |e As iz iz 2 
1991 16 14 16 ie 17 
2001 20 i 20 16 273 
mUe I 24 re 24 18 zZ9 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-201) 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 iZ L2 ke LZ liz 
not 16 14 16 15 by 
2001 20 is 20 16 23 
2011 24 11 24 18 29 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 12F = RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 10 10 10 10 10 
|Tese is a us HI is eZ 14 
2001 16 i 16 ie iy 
2011 co 9 20 Ue) 23 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND VEARG. 1 26t=2U 21 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19S 1 0 0 0 0 0 
poo 0 0 0 0 0) 
2001 0) 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 1l2F = RED RIVER  CMCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
Leo 0 0 0 0) 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1961-2011 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2uk) 0 0 0 0 0 
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UMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 17 17 17 17 17 
1991 va 20 24 21 25 
2001 30 21 Je Pie 34 
2011 38 21 44 29 43 


UMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER’ (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 86 86 86 86 86 
1991 i ee 100 123 109 126 
2001 161 iid LI 13% ive 
2011 224 114 247 15a 226 


UMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2 2 2 2 2 
Ago t & 3 3 3 4 
2001 4 3 5 3 5 
2011 6 3 6 - 7 


UMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0) 0 
2011 0 0 0 0 0 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 ) 0) 


UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 12F - RED RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 9) ) 0 0 0 
1991 0 0 0 0 0 
2001 0 fe) 0 0 0 
2011 0 0 0 a) 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 102 102 102 
Eee 138 120 144 
2001 160 116 181 
Za E 189 109 242 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 102 12 102 
1991 138 120 144 
2001 160 118 181 
20 11 189 109 242 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN 12F - RED RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
Lost 1s 15 rs 
i331 £9 16 19 
2001 22 16 24 
2011 29 15 os 


SCENARIO AND YEAR, 


SCEN.4 SCEN.5 


102 
134 
lie 
Lik 


102 
141 
170 
208 


bya te2Gtl 


BY ‘SCENARIO.AND YEAR, )198P=2011 


SCEN.4 SCEN.5 
102 
134 
133 
es 


LOZ 
141 
LI) 
208 


BY SCENARIO AND YEAR, 1981-2011 


SCEN.4 SCEN <5 
Ss 
18 
20 
2 
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13 
19 
23 
29 


SECTOR/YR 
1981 
Agricul 
fineral 
fdanufact 
-ower 
funicipal 


Total 


1991 
igricul 
fineral 
fanufact 
ower 
lunicipal 


fotal 


2001 
gricul 
‘ineral 
‘anufact 
Ower 
unicipal 


tal 


2011 
@ricul 
ineral 
anufact 
Ower 
unicipal 


Gral 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 


BASIN 13 


SCEN.1 


~ WINNIPEG RIVER IN PRAIRIE REGION 


SCEN.2 


SCEN.3 
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SCEN.4 SCEN.5 


HRODOre- 


(MCM/YEAR) 


a 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/ YEAR) 


SECTOR/YR SCEN..J SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


ood dr 
Seeker 
ooodr 
ood Or 
ooodre 


Total 10 10 10 10 10 


1991 
rol de oe OY ody He 1 
Mineral 6) 
Manufact () 
Power 0) 
Municipal 13 1 


=. Oo O'S m 
YOO OF 


Total 14 iz 14 13 14 


2001 
Agricul 1 
Mineral 0 
Manufact @) 
Power O 
Municipal 15) 


= Oro Oi 


Total 16 iZ 18 15 Le 


POA! 
Agricul 2 
Mineral O 
Manufact O 
Power 6) 
Mundei pal i? 


oo 2 oa — 


Total 19 Pint 24 hg PAN 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 1 1 1 1 1 
Mineral 0 0 ) @) 0 
Manufact 0 0 0 0 0 
Power 0 0) 0) 0) 0 
Municipal l 1 l l 1 
Total 2 2 2 2 2 
1991 
Agricul 1 1 1 1 1 
Mineral 0 0 0 0 0 
Manufact 0 0 0 0 0 
Power 0 0 0 0 0 
Municipal 2 if 2 2 2 
Total 3 2 3 2 3 
2001 
Agricul l l 1 l l 
Mineral O 0) 0 0 @) 
Manufact ) 0 0) ¢) 0 
Power 0) ) 0) 0) ) 
Municipal 2 1 y. 2 2 
Total 3 2. 3 3 3 
20:11 
Agricul l 1 1 2 
Mineral ) O 0) 0 @) 
Manufact @) 0 0 0 0 
Power 0 0 0 ¢) @) 
Municipal 2 i 3 - ° 
Total 4 2 4 3 : 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 —- WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 l 1 1 1 1 
1991 1 1 1 1 l 
2001 1 1 1 1 2 
ZO 4 l 2 1 Z 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 l 1 l ! 1 
ede me 1 1 1 1 1 
2001 1 1 1 1 ps 
2011 2 1 2 1 Js 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1 l 1 1 1 
1991 1 1 1 1 1 
2001 1 1 1 1 1 
PG I | 1 ] 1 1 2 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION. (CMCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ihe kom 0 0 0 0 0 
i 0) 0 0 0 0 
2001 0) 0 0 0 0 
2011 0 0 0 0) 0) 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, (96i=-20te 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
Lo 0 0) 0 0 0 
2001 0 0 0 0 0 
2031 0 0) 0) 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L921 0 0 0 0 0 
1991 0 0 0 0 0 
2001 9 0 0 0 a) 
ZO 0 @) @) (@) 0) 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ‘ 0 0 0) 0 0 
1991 9 0) 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
SASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/ YEAR) 


TEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0) 0 0 0 0 
P99 i 0 0 0 0) 0 
2001 0 0 0 0 0 
2011 0 0 0) 0 0 


UMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0) 0 0) 0 
Ie 0 0 0 0 0 
2001 0 0 0 0 0 
ZO LI 0 0 0 0 0 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/ YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


JMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 13 - WINNIPEG RIVER IN PRAIRIE REGION (MCM/YEAR) 


ZAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 
1991 
2001 
2011 


oOo oO © 
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2 9 oe Fo TF aw | 
Oa o © 
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MUNICIPAL GROSS WATER USE 
WINNIPEG RIVER IN PRAIRIE 
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CENARIO AND YEAR, 
EGION (MCM/YEAR) 


SCEN.4 ‘SCEN.5 


9 9 
| 13 
14 13 
16 18 
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9 9 
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14 LS 
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EGION (MCM/YEAR) 
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SSL =Z010 


BY SCENARIO VAND YEARS UPSS T—20 Fi 
REGION (MCM/YEAR) 


BY: SCENARIO! AND) YEAR,” 1981<201T1 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER’ (MCM/YEAR) 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 5 5 5 5 5 
Mineral 2 i 2) 2 2. 
Manufact 12 C2 12 iy 12 
Power 0 0) 8) 0 0 
Municipal 6 6 6 6 6 
fetal ras: 25 25 25 PRS; 
1991 , 
Agricul 7. 6 7 6 7 
Mineral 2 2 2 2 3 
Manufact 16 14 17. 15) iis} 
Power 6) @) 6) 6) @) 
Municipal 9 7 9 8 9 
Hotal 34 29 34 31 36 
2001 
Agricul 8 6 8 7 10 
Mineral 3 3} 3 3 4 
fManufact aS 15 24 20 26 
Power 0) 0 ) O 0 
funicipal 10 i iL al 10 10 
Petal 44 30 46 39 50 
2011 
Agricul 10 5 10 8 1h 
fineral 4 3 3 3 E 
fanufact oy 14 Bye 25 35 
-ower 6) 0 O 0 0 
funicipal ih 7 NES eT 12 
Total 59 29 63 47 64 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND TEAR, A os> 20a, 
BASIN 14A - LOWER SASKATCHEWAN RIVER’ (MCM/YEAR) 


SECLOR/ TE 'SCEN Jl SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agrieus 5S =, 2) 5 5 
Mineral I 2 w 2 2 
Manufact 29 29 29 29 29 
Power 0 @) O O 0 
Municipal 6 6 6 6 6 
Torte: 42 42 42 42 42 
1991 
Agricul 7 6 7 6 7 
Mineral 2 2 2 3 
Manufact 4] 35 42 38 “5 
Power @) 0) @) 0 ¢) 
Municipal 9 Fi ) 8 9 
ovtcau: 59 50 60 Sh 64 
2001 
Agr eT 8 6 8 7 10 
Mineral 8 3 3 3 4 
Manufact 57 hy 60 50 65 
Power ) O 0) 0) 0) 
Mune t t.a ld 10 7 Pe | 10 10 
Woyecdl 79 5.3! 82 69 89 
AOL II 
Agricul 10 5 10 8 12 
Metimens ann 5) 3 4 4 5 
Manufact 79 35 84 61 86 
Power ) 0) 0 0) O 
Municipal 1g 7 1S i 12 
Total 106 50 113 83 116 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


BECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul + 4 4 4 4 
Mineral ) @) @) 0 0) 
Manufact l ] l l 1 
Power @) 0) 0 0 0 
Municipal l l il 1 l 
motal 6 6 6 6 6 
1991 
Agricul 5 5 5 5 6 
Mineral 0) 0) 0) ) 0 
Manufact l i l 1 1 
Power 0) 0 @) 0 0 
Municipal l 1 1 1 1 
Total 8 if 8 7 9 
AMONG | 
Agricul 7 4 a 6 8 
Mineral O 0 @) 0) 0 
Manufact 2 1 2 2 2 
Power 0 0) 0) O 0) 
Municipal 1 l 1 1 1 
Potal 10 7 10 8 at 
201 I 
Agricul 8 4 8 6 10 
Mineral 0) 6) 0) 6) O 
Manufact p 1 5 2 3 
Power 0) 0) 0) 0) ) 
Municipal 2 1 2 1 2 
Total 12 6 13 10 ba 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
i961 5 5 a 2 . 
ce Be 7 6 is 6 7 
2001 8 6 8 7 10 
2011 10 2) 10 8 he 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, b861=—2Z011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Masa =) 5 5 > 5 
994 yA 6 7 6 7 
2001 8 6 8 7 10 
2011 10 5 10 8 12 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4 4 4 4 4 
1991 5 5 5 5 6 
2001 7 4 Hi 6 8 
2011 8 4 8 6 10 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND TEAR; LOSin2OL) 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2 2 Z 2 Z 
1994 2 2 Z a 3 
208 1 3 3 3 3 4 
201 1 4 5 5) 5) 5 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 144A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L964 2 2 2 Z 2 
19:91 2 Z 2 2 3 
2001 3 ) 3 p 4 
2011 5 3) 4 4 5 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0) 0 0 0 
iN RS 0 0 0 0 0 
2001 0 0 0 0 0 
2014 0 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 i 12 12 12 12 
L991 16 14 17 io 18 
2001 23 15 24 20 26 
2011 32 14 34 25 & 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
mel 29 29 29 Pao] 29 
199] 41 35 42 38 45 
2001 oi a7 60 50 65 
2011 73 ap 84 61 86 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Lost l 1 l 1 1 
eo | 1 1 1 1 1 
2001 2 1 2 Z 2 
2011 2 1 3 2 3 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


(EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
i391 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
SASIN 14A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


‘EAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 0 0) 0 0 0) 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0) 0 


UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 144A - LOWER SASKATCHEWAN RIVER (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


A-151 


SUMMARY OF MUNICIPAL WATER INTAKE BY 
BASIN 144A - LOWER SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN 2 SCEN.3 
1981 6 6 6 
1 9 ri 9 
2001 10 7 ea 
2011 U2 7 15 


SUMMARY OF MUNICIPAL GROSS WATER WISE 
BASIN 14A - LOWER SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 6 6 6 
1991 S) 7 9 
2001 10 7 al 
2011 2 7 Ws) 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN 14A - LOWER SASKATCHEWAN RIVER 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 1 1 1 
Loon 1 l 1 
2001 1 l 1 
2011 2 l 2 


SCENARIO AND YEAR, 


(MCM/ YEAR) 


SCEN.4 SCEN.5 
6 
8 
10 
ll 


6 
4 
10 
12 


1981-2011 


BY SCENARIO AND YEAR, 1981-2011 


(MCM/YEAR) 


SCEN.4 SCEN.5 
6 
8 
10 
Led 


6 
9 
10 
Nye 


BY SCENARIO AND YEAR, 1981-2011 


(MCM/YEAR) 


SCEN.4 SCEN.5 


— 


feed Ws 


Noe ee 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 23 23 me 23 is 
fineral 0 0) 0) 0 0 
fanufact 1 Bs 15 1S 1s IGS: 
Power 0) @) 0) 0) @) 
funicipal 4 4 4 4 4 
‘otal 42 42 42 42 42 
1991 : 
gricul 24 25 29 27 32 
lineral O 0) ¢) 0) 0) 
lanufact 20 187 26 20 20 
‘ower 6) @) O 0) 0) 
unicipal 6 5 6 6 6 
otal 55 47 62 Sy) 58 
2001 
gricul 36 24 37 30 42 
ineral 0) ¢) 6) 0) 0 
anufact PEs IL 7 34 2 Dif 
Ower @) 0) 0) fe) @) 
unicipal 7 5 8 7 7 
otal 68 46 78 60 Tali 
2011 
gricul 44 Pal) 45 34 Sy 
ineral 6) 0) 0) 0) 6) 
anufact S35 15 44 26 34 
ower 0 0 0 0 0 
unicipal 8 5 i? 7 9 
otal 83 41 99 67 96 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


SECTOR/YR | <$CEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 23 25 23 2a 23 
Mineral 6) 0 0) ¢) 0) 
Manufact 20 20 20 20 20 
Power 6) 6) 0) 6) 0) 
Municipal 4 4 4 4 4 
Towa: 46 46 46 46 46 
1991 
Agricul 29 2a 29 PJ 32 
Mineral @) ) ) 0) 0) 
Manufact 26 De? 3) 3) Zo 26 
Power @) O 0) O O 
Municipal 6 5 6 6 6 
Total 61 5 69 58 64 
2001 
Agricul 36 24 37 30 42 
Mineral ) @) 6) 0) 0 
Manufact 32 De, 43 29 3): 
Power 0) ) 0) 6) 0 
Municipal 7 =) 8 a“ 7 
Woecel US Sy il 87 66 85 
POV 
Nese at eu IL 44 2A 45 34 55 
Mati enmaall O 6) 0 6) 0) 
Manufact 39 20 56 3 44 
Power 0) 0 ) O O 
Municipal 8 =) il 7 9 
iorjegul 91 45 Why 74 105 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-2011 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 

1981 
Agricul 18 1 
Mineral 0 
Manufact O 
Power 0 
i 


Municipal 


= ©O,O. Com 


Total 19 Lg Lg 19 19 


19911 . 
igricul : 24 
fineral O 
flanufact i 
Power 6) 
f{unicipal l 


eS i > ' ON 


fotal 2 2h 25 23 27 


2001 
igricul 29 
lineral 0 
lanufact l 
lower 0 
unicipal ] 


—- Or ovw 
Pt Oe 
Le (SF en) a a 


otal 4 21 3 26 36 


ZL 
Bricul 3 
ineral 
anufact 
Ower 
unicipal 


—- Or own 
K—- Or ond 
Se EO YE a Se OL ES 


otal 38 18 39 29 45 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ea J) 23 23 Z3 23 
199.1 23 25 29 2.7 a2 
2001 36 24 87 30 42 
ZOaet 44 ZA 45 34 53 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B = MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
lee rota eB) 2D 23 23 Pas) 
199.1 29 yale) 29 27 oR 
2001 36 24 37. 30 42 
204 44 ad 45 34 S18) 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ieee 18 18 18 18 18 
£99 1 24 20 24 a 26 
2004 29 ie. 30 25 34 
ZO Li] ahs) 17 . 36 2a 43 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B = MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
i933 0 0 0 0) 0 
Moe 0 0 0 0 0 
2001 0 0 0 0) 0 
2001 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, (F9S)—201) 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1G 0 0 0 0) 0) 
Poon 0 0 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1381 0 0 0 0 0) 
P99) 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 


BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 Ye 15 15 Me 
B91 20 U7. 26 20 
2001 25 17 34 aa 
£011 a1 1S 44 26 


15 
20 
27 
34 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 


BASIN 14B - MANITOBA LAKES (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 : 20 20 20 20 
139i 26 a 32 25 
2001 cys Ze 43 29 
2011 39 20 56 ao 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE 
BASIN 14B - MANITOBA LAKES (MCM/ YEAR) 


(EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 
Poo 1 1 1 1 1 
2001 l 1 1 1 
2011 i 1 1 1 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO 


ASIN 14B - MANITOBA LAKES (MCM/YEAR) 


‘EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 
e204 0 0 0 0 
2001 0 0 0 0 
2011 0 0 0 0 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND EARS 


ASIN 14B - MANITOBA LAKES’ (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5S 
1981 0 0 0 0 
1991 0 ) 0 ) 
2001 0 0 0 0 
2011 0 @) 0 0 


UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 


ASIN 14B - MANITOBA LAKES (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 
i991 0 0 0 0) 
2001 0 0 0 0 
2011 0 0 0 0 
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BY SCENARIO AND YEAR, 


= = © 


AND YEAR, 


Sie ce Sara 


oO O'oO 


PeShe2011 


191-2021 


Be peg od by ta | 


bes i= 2 011 


9S I=20)s 


bgSt=Z01% 


SUMMARY OF MUN 
BASIN 14B 


YEAR 


SUMMARY OF MUNICIPAL GROSS WATE 


BASIN 14B - MANITOBA LAKES 


YEAR 


SUMMARY OF MUNICIPAL CONSUMPTIVE 
BASIN 14B 


YEAR 


LES Rath 
Loa 
2001 
ZO LT 


£9.37) 
19:9) 
2001 
2071 


1961 
L991 
2001 
2011 


SCEN.1 


SCEN.1 


OND £ 


4 
6 
7 
8 


SCEN.2 


SCEN.2 


MANITOBA LAKES 


SCEN.1 


[Se 


SCEN.2 


Wann & Monn pe 


ee 


ICIPAL WATER INTAKE BY SCENARI 


SIMANTTOBAGLAKES (MCM/YEAR) 


SCEN.3 


= oon ve 


SCEN.4 SCEN.5 


“~~ O & 


R USE BY SCENARIO AND 
(MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 


L— (el fon ess 


l 


SION 


USE BY SCENARIO AND 
(MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 


— Sp 
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1 
l 
1 
1 


O AND “YEAR (1981-267) 


OND 


YEAR, 1981-2011 


Or ON 


YEAR, 1981-201] 


SS pe 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3  SCEN.4 SCEN.5 


1981 
Agricul 0 0) 0 0 0 
fineral 3 3 3 3 3 
fanufact 45 45 45 45 45 
2ower 0 0) @) 0 0 
funicipal 3 3 3 3 2 
Total Bal Sel Silk yl 51 
1991 
igricul ) 0) 0) 0) 6) 
fineral 4 3 3 | 4 
fanufact 64 By Ss) 65 58 70 
-ower 0 @) 0) 0) @) 
funicipal 4 4 5 4 4 
fotal Ue 60 We? 65 78 
2001 
igricul 0 0 0) 0 0 
fineral 5 4 4 4 6 
fanufact 90 yi 92 78 102 
Power 0) 0 0) 0) ) 
mnicipal 5 4 6 5 5 
otal 100 65 02 87 oles} 
ZO 
mricul 6) 0 0 0) 6) 
mneral 7 5 5 5 v 
lanufact 126 53 132 97 136 
‘ower 6) 0 0 6) 0) 
junicipal 6 4 8 6 6 
Dtal 139 62 146 108 1510 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


SECTOR/YR SCEN 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0 0 0 
Mineral 3 3 3 3 3 
Manufact U2 UD ee. LP UL 
Power 0) 0) 6) 0) 0 
Municipal 3 5 3 3 3 
Monsarl 78 78 78 78 78 
1991 
Agricul 0 0 0 0 0 
Mineral 4 3 3 3 4 
Manufact 103 86 OS 94 Teles 
Power 0) 0 0) 0) 0) 
Municipal 4 4 5 4 4 
Not al ple? 93 STS OZ WAP 
2001 
Agricul 6) 6) 6) 6) 0 
Mineral 5 4 4 5 6 
Manufact 146 93 1 By 126 166 
Power @) 0) 0 ) 0) 
Municipal 5 4 6 S) 5 
Outre: 156 OR 160 136 AL HE 
DO it i 
Agricul @) 6) 0 0) 0 
Meismnenaarl: i 5 6 6 8 
Manufact 205 87 215 1h, Sys} Zeal 
Power 6) 6) ) 0 6) 
Muni ei pad 6 4 8 6 6 
Woe aul DAMS) 96 229 i 7/@ ABS) 
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SUMMARY OF CONSUMPTIVE WATER USE By SCENARIO AND YEAR, 1981-20]] 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN,.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0) 0 0 
Mineral 0 0) O 0) 0) 
Manufact @) 0) 6) 6) 6) 
Power 0) 0) @) 0) ) 
Municipal 0 0 0 0 0 
Total 0) @) 0 0) 0) 
199] 
Agricul 0 0 0 0 0 
Mineral 0) 0) @) 6) 6) 
Manufact @) 0 O 0) ) 
Power 6) 0) 0 0 @) 
Municipal if 1 1 l 1 
Total l l l 1 1 
2001 
Agricul ) O O @) ) 
fineral 0 O ) ) ) 
Manufact O @) O 6) 0) 
Power 0 0 6) 0) 0) 
funicipal 1 O 1 I 1 
tal 1 @) l 1 l 
Zn) 
mricul 0 0) 0) 0 0 
lineral O 0) 0) @) 0) 
lanufact O 0) O 0) @) 
‘ower 0) 6) 6) 0) 0 
unicipal 1 0 l 1 1 
otal 1 0 1 1 1 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER’ (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ie kouas 0 0) 0 0 0 
19 97k 0 0 0 0) 0 
Z001 0 0 0) 0 0) 
ZOE 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C — NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCENE SCEN.4 SCEN.5 
Us| 0 0 0 0 0 
F991 0 0 0 0 0 
ZOO) 0 0) 0 0 0 
204) 0 0 0 0) 0 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCENG 4 OC E Nic > 
sen 0 0 0 0 0) 
bOOd 0 0 0 0 0 
2001 0 0 0) 0 0 
ZO lad 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN, 14C — NELSON RIVER 2JCMCM/YEAR) 


YEAR SCEN. 1 SCE Niece SCEN. 3 SCEN.4 SCEN. 3 
1981 3) 3 @) 3 3 
ME RSE 4 3 3 5 4 
PROTO 5 4 4 4 6 
2011 7 5 2) 3 7 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Poet 3 e) 3 3 3 
Loot 4 3) 3 f) 4 
2001 5) 4 4 5 6 
ZO Z 5 6 6 8 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SGEN.4 SCEN.>5 
b96 1 0 0 0) 0) 0 
199 1 0 0 0) 0 0 
2001 0 0 0 0 0 
ZO 0 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE 


BY SCENARIO AND YEAR, 1981-201] 
BASIN 14C -— NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 45 45 45 45 45 
1991 64 = me 65 58 70 
2001 90 ae a2 78 102 
2011 126 53 £32 97 136 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.S 
1981 2 we 72 ae 72 72 
1991 103 86 105 94 L3 
2001 146 = 1e} 150 126 166 
2011 205 87 ean 158 Petal 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


(EAR SCEN.1 SCEN.2 SCEN, 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
Boo! 0 0 0 0 0 
2001 0 0 0 0 0) 
2011 0 0) 0) 0 0 


UMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ASIN 14C - NELSON RIVER (MCM/ YEAR) 


EAR SCEN.1 SCEN.2 SCEN,. 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0) 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
ASIN 14C - NELSON RIVER (MCM/ YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0) 0 0 0 
2011 0 0 0 0 0 


IMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
SIN 14C - NELSON RIVER (MCM/YEAR) 


AR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 ) ) 0 
1991 0 9) 0 0 0 
2001 0 ) ) 0 0 
2011 @) 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
D9 S41 3 3 3 
Ou 4 4 5 
ZOO) 5) 4 6 
20 6 4 8 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
198] 3 3 3 
se 4 4 5 
2001 5 4 6 
Z0 ut 6 4 8 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN 14C - NELSON RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
eer | 0 0 0 
199") 1 1 1 
2001 1 0) 1 
ZOE l 0 1 


SCENARIO AND YEAR, 1981-2011 


SCEN.4°SCEN.5 


Dn & Ww 


BY SCENARIO AND 


SCEN.4° SCENTS 


NM & Ww 


BY SCENARIO AND 


SCEN.4 SCEN,.5 


a ae) 
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DW WwW 


YEAR, 1981-2011 


DN & Ww 


YEAR; 198122041 


SSS 


YEAR 

1981 
eericul 
Mineral 
fanufact 
Power 
funicipal 


Total 


1991 
igricul 
fineral 
fanufact 
ower 
funicipal 


fotal 


2001 
Soicul 
ineral 
anufact 
ower 
unicipal 


ptal 


2011 
ericul 
ineral 
anufact 
ower 
anicipal 


atal 


SUMMARY OF WATER INTAKE BY SCEN 
ONTARIO REGION 


SCEN.1 


148 
124 
4577 
14930 
1450 


21230 


183 
168 
5725 
18659 
1749 


26484 


220 
222 
7392 
23/56 
2050 


33640 


265 
294 
9578 
30309 
24135 


42861 


(MCM/YEAR) 
SCEN.2 SCEN.3 
148 148 
124 124 
4577 4577 
14930 14930 
1450 1450 
21230 21230 
154 Ei2 
ia5 164 
4943 5954 
17204 20866 
Laat 1804 
23987 28960 
147 203 
185 Lay 
5248 7 923 
19836 28601 
15:09 2224 
26925 39176 
126 248 
2b 336 
5138 10684 
223090 39 352 
1401 2826 
29233 53646 
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ARIO AND YEAR, 


SCEN.4 SCEN.5 


148 
124 
4577 
14930 
1450 


21230 


el 
150 
ie BL 
17362 
1 Oa, 


24631 


190 
189 
6217 
2tigy 
1790 


29493 


208 
Does 
6986 
24497 
1930 


33847 


148 
124 
4577 
14930 
1450 


21230 


135 
187 
6212 
19908 
Less 


28355 


254 
262 
STi 
26516 
2336 


38146 


313 
340 
11420 
333356 
2828 


48258 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND DEAR 9 6 =—2O0TT. 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
LOSt 
Agricul 148 148 148 148 148 
Mineral 288 288 288 288 288 
Manufact S50 8536 8536 8536 8536 
Power 14930 14930 14930 14930 14930 
Municipal 1450 1450 1450 1450 1450 
Total 2595.2 72 ge Wo 20052 Zo Spe 23072 
19:9 1 
Agricul 183 154 172 yea Po 
Mineral oon 360 357 349 435 
Manufact 10681 9196 LOS TG 9875 L162 
Power 18659 17204 20866 173 62 19908 
Municipal 1749 Loo 1804 D637 1853 
hota. a L663 28425 34169 293:95 34003 
2001 
Agricul 220 147 203 Lo 254 
Mineral 518 433 466 442 611 
Manufact 37 89 9669 14517 1T399 16364 
Power 230350 L9836 28601 21208 265 6 
Municipal 2050 1509 2220 1790 2336 
hetad 40333 31594 46008 39128 46081 
7A O18 | 
Agricul 205 126 248 208 313 
Mineral 689 508 636 D260 LOD 
Manufact 17867 9352 19496 13085 21305 
Power 30309 22 Sad She Reh 24497 Bohs eS) 
Municipal 2415 1401 2826 1930 2828 
Total 245 33740 Ooh 40245 Bkerele We 
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YEAR 

1981 
Agricul 
{4ineral 
fanufact 
Power 
funicipal 


Botal 


1991 
igricul 
fineral 
fanufact 
ower 
funicipal 


fotal 


2001 
mricul 
fineral 
lanufact 
rower 
lunicipal 


mtal 


ZO L 
mrt cul 
faneral 
fmnufact 
‘ower 
unicipal 


DBtal 


SUMMARY OF CONSUMPTIVE WATER USE BY SCEN 
ONTARIO REGION 


SCEN. 1 


123 
12 
200 
36 
218 


589 


152 
16 
250 
45 
262 


726 


183 
Zi 
Bee, 
57 
307 


888 


220 
28 
409 
73 
362 


1093 


(MCM/YEAR) 
SCEN.2 SCEN.3 
izs tes 
rz 12 
200 200 
36 36 
218 218 
7o9 589 
131 143 
16 15 
244 266 
45 50 
Z39 271 
Fil 745 
t22 169 
18 20 
aoe 355 
48 69 
220 33 
649 947 
104 206 
rat Zo 
236 481 
54 96 
2G 424 
625 2139 
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ARIO AND YEAR,1981-201] 


SCEN.4 SCEN.5 


764 


Lis 
pay 
299 
59 


289 


842 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEARS °198V=Z201 1 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 148 148 148 148 148 
Velen 183 154 biz Diet LoS 
2001 220 147 203 190 254 
201 265 126 248 208 wes: 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1361 148 148 148 148 148 
NERS i Io: 154 eZ Ay by | 195 
2001 220 147 203 L390 254 
ZO] 265 126 248 208 SS 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 she) 123 23 ize 1:29 
29971 Lz 15 143 142 162 
2001 Loo a7 169 158 Pad 
PAO RA 220 104 206 ays 260 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19.3.1 124 124 124 ie 124 
ota 168 Mies s5) 164 15.0 187 
2001 Zee 185 Pa de | 189 262 
2011 294 2ie/ 336 75055) 340 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND TEAR; 19 6i—2 0,181 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
Lo Bo) 288 288 288 288 288 
19'9'1 391 360 357 349 435 
2001 518 433 466 442 611 
2004 689 508 636 52:6 {os} 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 198)=2011 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
P98) 12 Pz k2 2 EZ 
boo 16 16 LS 14 18 
2001 zk 18 20 18 ra) 
201} 28 21 29 oe 33 
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SUMMARY OF MANUFACTURING WATER INTAKE 


INTARIO REGION (MCM/YEAR) 


TEAR SCEN.1 SCEN.2 SCEN.3 
1981 4577 4577 4577 
Lao] oF i ee 4943 S954 
2001 7392 5248 1928 
2011 9978 3138 10684 


JUMMARY OF MANUFACTURING GROSS WATER 
INTARIO REGION (MCM/YEAR) 


‘EAR SCEN.1 SCEN.2 SCEN.3 
1981 . poo 8536 8536 
£991 10681 9176 10970 
2001 13789 9669 14517 
2011 17867 9332 19496 


'UMMARY OF MANUFACTURING CONSUMPTIVE 
INTARIO REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 
r981 200 200 200 
1991 250 244 266 
2001 319 235 EBS) 
2011 409 236 481 


UMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 


NTARIO REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 
1981 14930 14930 14930 
1991 18659 17204 20866 
2001 23756 19836 28601 
2011 30309 22399 39552 


BY SCENARIO AND YEAR, 


SCEN.4 SCEN.5 


4577 
mee | 
Oy 
6986 


USE BY SCENARIO AND YEAR, 


4577 
6212 
S777 
11420 


SCEN.4 SCEN.5 


8536 
9875 
DiS33 
13085 


USE BY SCENARIO AND YEAR, 


8536 
ED6 iz 
16364 
21303 


SCEN.4 SCEN.5 


200 
250 
268 
299 


200 
2a4 
380 
493 


SCEN.4 .SCEN.5 


14930 
17362 
2 Ly, 
24497 


14930 
19908 
263516 
33.339 


1981=2011 


198}=2011 


1LS8E=20E1 


LIB 2014 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


NTARIO REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 
1981 14930 14930 beg a0 
1991 18659 17204 20866 
2001 237 56 19836 28601 
2011 30309 MEAS fe 393 52 


SCEN.4 SCEN.5 


14930 
Ly oO2 
2 Ly 
24497 


14930 
19908 
26516 
33356 


UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


NTARIO REGION (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 
1981 36 36 36 
1991 45 45 50 
2001 57 48 69 
2011 ‘3 54 96 


SCEN.4 SCEN.5 


36 
42 
51 
59 
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36 
48 
64 
81 


SUMMARY OF MUNICIPAL WATER INTAKE BY 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
19s 1 1450 1450 1450 
| 1749 D53d 1804 
Z2O04 2050 i303 2220 
ZOU 2415 1401 2826 


SUMMARY OF MUNICIPAL GROSS WATER USE 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
eRe 1450 1450 1450 
99:1 1749 oo ie | 1804 
2001 2050 L509 2224 
2011 2415 1401 2826 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
1981 218 218 2S 
1991 262 255 Zoek 
2001 307 226 B yO is) 
2004 562 210 424 


SCENARIO AND YEAR, 


SCEN.4 SCEN.5 


1450 
bos7 
1790 
1930 


1450 
1853 
2336 
2828 


19S 1S2014 


BY SCENARIO AND YEAR, 1981-2011 


SCEN.4 SCEN.5 


1450 
1637 
179.0 
1930 


1450 
1853 
2006 
2828 


BY SCENARIO AND YEAR, 1981-2011 


SCEN.4 SCENS5 


218 
245 
268 
289 
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zV3 
278 
350 
424 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SGCEN. 1 SCEN.2 SGENaS SCEN.4 SCEN.5 
1981 
\gricul 0) 0 0 0 0 
fineral 29 29 29 29 29 
fanufact 96 96 96 96 96 
Power @) 0) 0 0 0 
funicipal 8 8 8 8 8 
otal Sie 132 32 SZ ibs 
1991 
gricul ; @) ¢) 0 0) @) 
Hneral 39 36 34 35 44 
anufact has: 97 Tee: 1 LPL A 
ower 6) 0 0 0) 6) 
unicipal 9 8 10 9 10 
lotal 164 142 155 LS IES) 
2001 
gricul 0 0 0 0 0 
ineral 53 44 42 45 62 
anufact aay 95 Shs} 126 159 
ower ) @) 0) 0) O 
enicipal 17h 8 i 9 V2 
otal POS 147 189 180 238 
ZO 
gricul 0 0 0 0 0 
ineral 70 By Syl 53 81 
anufact as 82 164 139 W907, 
Ower 0) ) 0 0) ¢) 
anicipal 13 F LS 10 15 
btal 256 141 1 3h) 202 292 


A-171 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEARSIIS b= 20d, 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCHEIN SIGE Ne 2 SCEN. 3 SCEN.4 SCEN.5 
1981 
Agricul 0 0 6) 0 0 
Mineral 92 92 92 92 92 
Manufact 96 96 96 96 96 
Power 0 0) 0) 0 0 
Municipal 8 8 8 8 8 
Total 196 196 196 196 196 
1991 
Agricul 0 0 0 0 0 
Mineral WAS IES LOW, WAL IL 139 
Manufact ALG 98 eles HN 1242. 
Power 0) 0) 0 0) 0 
Municipal 9 8 10 9 10 
Wo eel 2510) ADM 229 DS 2140 
2001 
Agricul 0 0 0 0 0 
Mineral 166 138 LSI 141 195 
Manufact Wee 95 LSi6 e297; 160 
Power 0 6) 0) 6) 6) 
Municipal ri 8 eZ 9 2 
Wofezil 319 DED) DHS, 278 368 
2011 
Agricul 0) 0 0 0 0) 
Mineral D7 163 162 168 DRS yh 
Manufact WS 83 165 140 198 
Power 6) ) 0) 0 O 
Municipal if) 7 iS 10 Lo 
Total 409 D SYS) 343 318 467 


And 72 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 
Agricul 0 0 0 0 0 
fineral 0 0 0 0 0 
fanufact ) O 0 O 6) 
Dower 0 0 0 0 0 
funicipal 1 1 1 1 1 
‘otal 2 2 2 2 2 
1991 
igricul 0 0 0 0 0 
fineral 0 0 0 0 0 
lanufact 0 0 0 0 0 
‘ower 0 0 0 0 0 
lunicipal Ih 1 1 1 l 


iotal 2 2 2 2 2 
2001 
ericul 0 0 0 0 0 
ineral 0) 0) O 0 0 
anufact l 0) l 6) 1 
ower 0 0 6) 0 6) 
municipal 2 1 2 1 2 
otal 2 2 2 2 2 
2011 
gricul 6) 6) 0) 0) 0 
ineral O 0) @) 6) @) 
anufact l 0 1 1 l 
ower 0 0 0 0 0 
unicipal 2 1 Z 2 Zz 
Btal 5 l 3 2 3 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
P99 1 0 0 0 0 0 
2001 0 0 0 0 0 
2014 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
eke al 0 0 0 0 0 
2001 0 0 0 0 0 
ZOU! 0 0 0 0) 0 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
bos 0 0 0 0 0 
Redeye | 0 0 0 0 0 
2001 0 0 0 0 0 
ZOEt 0 0 0 ) 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
9:8 1 29 20 2g 29 29 
L997) 39 36 34 3S 44 
2001 53 44 42 45 62 
20471 70 a Sil 53 81 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND NEAR, 19S )=200" 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 a7 92 92 92 22 
L391 £25 ae) 107 rs ea eee] 
2001 166 138 Ie 141 eS 
Zk Zou 163 EO 2 168 254 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1991-20. )) 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1994 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


A-174 


SUMMARY OF 


BASIN 13 


YEAR 


MANUFACTURING WATER INTAKE 
WINNIPEG RIVER IN ONTARIO REGION 


BY SCENARIO AND YEAR, 


1981-201] 
(MCM/YEAR) 


SCEN.1 SCEN.2 » SCEN.3.  °SGEN.A SCER.s 
1981 96 96 96 96 96 
1991 115 97 112 112 121 
2001 141 95 135 126 159 
2011 173 82 ee 139 197 
SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 
(EAR SCEN. 1 SCEN.2 SCEN.3  SCEN.4 SCEN.5 
1981 96 96 96 96 96 
1991 116 98 143 eee 122 
2001 142 95 iis 197 160 
2011 175 83 165 140 198 
UMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
PSIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 
EAR pCEN. Te SCEN.2) .SGENe3 » WSCEN. 4 SCEN.5 
198] 0 0 0 0 0 
199] 0 0 0 0 0 
2001 1 0 1 0 l 
2011 1 0 l 1 1 
UMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ASIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 
ZAR SCEN. 1 SCEN.2 SCEN.3  SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 ) 0 0 0 0 
IMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
‘SIN 13 - WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 
AR SCEN.1 SCEN.2 SCEN.3  SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
MMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
SIN 13 ~ WINNIPEG RIVER IN ONTARIO REGION (MCM/YEAR) 
AR SCEN. 1 SCEN.2  SCEN.3  SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF 
BASIN 13 


YEAR 


1981 
| 
2001 
ZAI 


SUMMARY OF 
BASIN 13 


YEAR 


1981 
TO 
2001 
ZO it 


SUMMARY OF 
BASIN 13 


YEAR 


1981 
199/97) 
2001 
2011 


MUNICIPAL WATER INTAKE BY 
WINNIPEG RIVER IN ONTARIO 


SCEN.1 SCEN.2 SCEN.3 


8 8 8 
) 8 10 
Hal 8 Bz 
1 7 5 


MUNICIPAL GROSS WATER USE 
WINNIPEG RIVER IN ONTARIO 


SCEN.1 SCEN.2 SCEN.3 


8 8 8 
9 8 10 
ite 8 LZ 
BS) 7. ges) 


MUNICIPAL CONSUMPTIVE USE 
WINNIPEG RIVER IN ONTARIO 


SCEN.1 SCEN.2 SCEN.3 


NMR Ke 
a ee 
NONe Ee 


SCENARIO AND YEAR, 1981-20]1j 
REGION (MCM/YEAR) 


SCEN.4 SCEN.5 


8 8 
9 10 
:) es 
10 i35) 


BY SCENARIO AND YEAR, 1981-2011 
REGION (MCM/YEAR) 


SCEN.4 SCEN.5 


8 8 
9 10 
9 eZ 
10 |i 


BY SCENARIO AND YEAR, 1981-2011 
REGION (MCM/YEAR) 


SCEN.4 SCEN.5 


Ot ee 
Se lll 
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YEAR 

1981 
igricul 
fineral 
fanufact 
2ower 
funicipal 


Potal 


1991 
mericul 
lineral 
lanufact 
‘ower 
unicipal 


otal 


2001 
ge eee 
ineral 
anufact 
Ower 
unicipal 


otal 


SNOT 
gricul 
ineral 
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Ower 
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ptal 


SUMMARY OF WATER INTAKE BY 


BASIN 17 


SCEN.1 


236 


- NORTHERN ONTARIO 


SCEN.2 


0 
10 


SCEN.3 


0 
10 
101 
0 
15 


a Be 
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(MCM/YEAR) 
SCEN.4 SCEN.5 


0 
10 


187 


SCENARIO AND YEAR, 


269 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR. 9 8l=2:0 pie 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN, 1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 
Agricul 0 0 0 0 0 
Mineral 14 14 14 14 14 
Manufact 308 308 308 308 308 
Power 0 0 0) 0 0 
Municipal WS 5 185 LS 15 
Tota. 337 337 So 337 337 
1991 
Agricul 0 0 0 0 0 
Mineral 19 Ly. 16 Ly 2A 
Manufact 374 315 364 Cie) 395 
Power 0 0 0 0 0 
Municipal Le, > 18 16 18 
Local 410 348 398 392 434 
2001 
Agricul 0 0 0 0 0 
Mineral ORS) 24 20 2 30 
Manufact 466 310 448 412 a 26h 
Power 0 6) 0 0 6) 
Municipal 20 1s) ZZ 18 a3 
ota) > als a, 346 491 451 580 
ZO 
Agricul 0) 0 0 0 0 
Mineral 34 2S AS 26 39 
Manufact SoZ 274 556 4517 660 
Power 6) 6) 6) 6) 0) 
Munieipal 24 14 29 19 28 
Dot al 639 3.1.0, 609 50Z 726 
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otal 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO 


BASIN 17 


SCEN.1 


bo WSS re ia) NS CO Ore. 
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NORTHERN ONTARIO 
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bo WwoOoodoe i) NS! O39 GS 


WYO GL Ore) 


= SO OS © 


AND YEAR,1981-2011 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCLIN 3 SCEN. 4 SCEN. © 
1981 0 0 0 0 ) 
19 Sol 0 0) 0 0 0) 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0) 0) 0 
2011 0 0 0 0 0 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USEMBY SCENARIO AND YEAR, 1961-201) 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4) ‘SCEN a5 
19 8.1 0 0 0 0 0 
1991 0 0 0 0 0 
20:01 0) 0 0 0 0 
2001 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN l7 = NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN 1 SCEN «2 SCEN. 3 SCEN.4 SCEN.S 
193) 10 10 10 10 ro 
Loo 14 ie. LZ i 16 
2001 19 16 15 16 Z2 
2011 25 18 18 ie 29 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198 1 14 14 14 14 14 
1991 19 ey) 16 iy 21 
2001 22 21 20 22 30 
201% 34 Z2 2D 26 39 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2 
BASIN 17 - NORTHERN ONTARIO (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN<3 SCEN.4- SCEN.S 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0) 
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SUMMARY OF 
BASIN 17 = 
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2011 


SUMMARY OF 
BASIN 17 - 
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SUMMARY OF 
BASIN 17 - 
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91 
2001 
2071 


SUMMARY OF 
BASIN i7 - 
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1981 
Loot 
2001 
2011 


SUMMARY OF 
BASIN 17 - 
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1981 
Bd | 
2001 
2011 


SUMMARY OF 
BASIN 17 = 


YEAR 
1981 
1991 
2001 
2011 


MANUFACTURING WATER INTAKE Bi5 


NORTHERN ONTARIO 


SCEN.1 SCEN.2 
101 101 
122 103 
Poa 101 
187 88 


(MCM/YEAR 


SCEN.3 
101 
Lig 
145 
178 
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SCEN.4 SCEN.5 
101 
ITs 
134 
148 


CENARIO AND YEAR, 


101 
ee 
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1981-2011 


MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


NORTHERN ONTARIO 


*SCEN.1 SCEN.2 
308 308 
374 S15 
466 310 
282 etek 


(MCM/YEAR 


SCEN.3 
308 
364 
448 
556 
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SCEN.4 SCEN.5 
308 
359 
412 
457 
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eb ee 
527 
660 


MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR 1981-20911 


NORTHERN ONTARIO 


SCEN. 1 SCEN.2 


Seen an) 
pian) (ea) as) 


POWER GENERATION 
NORTHERN ONTARIO 
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S135) 
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POWER GENERATION 
NORTHERN ONTARIO 
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POWER GENERATION 
NORTHERN ONTARIO 
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WATER INTAKE BY SCENARIO 


(MCM/YEAR 
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GROSS WATER USE BY SCENARIO AND YEAR, 


(MCM/YEAR 
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CONSUMPTIVE USE BY SCENARIO) AND YEAR, 
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SCEN.4 SCEN.5 
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SUMMARY OF 
BASIN 17 
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SUMMARY OF 
BASIN 17 
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SUMMARY OF 
BASIN 17 


YEAR 


1931 
99) 
2001 
201.1 


MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
NORTHERN ONTARIO (MCM/YEAR) 


SCEN.1 SCEN.2 SCENe3 SCEN 4 PSGEN <5 


15 ee) ES) be) 15 
Li? 15 18 16 18 
20 te) Zee 18 ard] 
24 14 Zo hg 28 


MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
NORTHERN ONTARIO (MCM/YEAR) 


SCEN.1 SCEN.2 SCEN. 3 SCEN« 4 .S. CEN. 5 


1, i) 1D aS) ie) 
Wy 13) 18 16 18 
20 ie) 22 18 Zo 
24 14 (4°) 19 28 


MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
NORTHERN ONTARIO (MCM/YEAR) 


SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
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Nh NM W 
WWM 
Ww Wh MY 
WW 
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YEAR 

1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Leetie.l 


1991]¢ 
(Messen ke wl 
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Municipal 


otal 


2001 
Agricul 
Mineral 
Manufact 
Power 
Munaed pial. 


Leta 


Zier 
Ae Eten. 
Mineral 
Manufact 
Power 
Municipal 


Totat 


SUMMARY OF WATER INTAKE BY SCENAR 


BASIN 19A 


SCEN.1 


3 
13 
185 
292 
26 


519 


LAKE SUPERIOR 


SCEN.2 


5 
| he 
185 
ave 
26 


519 


SCEN.3 


3 
i 
185 
292 
26 


og 


(MCM/YEAR) 


IO AND YEAR, 


SCEN.4 SCEN.5 


2 
3 
185 
as 
26 


S19 
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98 T=2011 


SUMMARY “OF sGROSS. WATER SUSE BY SCENARIO UVANDD YEAR SI9Sl=2011-, 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SIGEIN sal SiG@ENiere SGEIN Ss SiGHINGs SiG EINGctS 
1981 
Agricul 5 3 3 3 3 
Mineral 157 M7 17 U7 eZ) 
Manufact 426 426 426 426 426 
Power 292 292 292 292 292 
Municipal 26 26 26 , 26 26 
Total 764 764 764 764 764 
1991 
Agricul | 3 3 3 3 
Mineral aS ee 20 Al 26 
Manufact Bact 434 499 496 539 
Power 365 537 408 340 390 
Municipal 31 28 32 29 33 
Total 937 822 963 890 992 
2001 
Agricul 4 3 4 3 2, 
Mineral a” 26 2S, Pi BY 
Manufact 6 30 422 603 562 709 
Power 465 388 560 es) 519 
Municipal 37 on 40 32 42 
Moran 1166 866 1238 POs 7. ew eat 
2011 
Neve sh orn 5 2 4 4 6 
Mineral 42 Bh IL Shik BZ 48 
Manufact Wy 367 UWSP 619 875 
Power 593 OG ae Ue: 479 653 
Municipal 43 25 By il 35 5} 
Total 1456 863 1592 1168 1632 
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YEAR 

1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


Bao. % 


Agricul 
Mineral 
Manufact 
Power 
Municipal 


Bota! 


ZOO 
Wart gee Gen bl 
Mineral 
Manufact 
Power 
Municipal 


fotat 


Zh) 
Agricul 
Mine rat 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENAR 


BASIN 19A 


SCEN.1 


fe NH ~ bo 


16 


LAKE SUPERIOR 


SCEN.2 


ff — NM NW Po 


16 


ran 


SCEN.3 


Pe NM NM 


16 


Ure W CO W 


on 


A- 


(MCM/YEAR) 


SCEN.4 SCEN.5 


185 


IO AND YEAR,1981-2011 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 3 3 & 3 
ted a 3 3 3 3 3 
2001 4 3 4 Ss 5 
Zone 5 2 4 4 6 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A = LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.S 
1981 3 3 iS 3 3 
1979" 3 3 3 3 3 
2001 4 5 4 3 5 
2014 2 Z 4 4 6 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A = LAKE SUPERIOR (MCM/YEAR) 


YEAR S CEN 1 SCEN. 2 SCEN. 3 SCEN.4 ISCEN G5 
ie Roja 2 2 2 2 2 
199.1 3 3 3 a 5) 
2001 3 2 3 3 4 
2011 4 zZ 4 | 5 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR,. 1981-2011 
BASIN JOA (>= LAKE “SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 S GEN. 3 SCEN 4. SCEN 
Pos. 13 WS) i Lg ee 
991 18 Led 16 16 20 
2001 24 ZU) 19 on the 
2011 BZ 24 24 2) 6 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2( 
BASIN 19A = LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN. 4 SCEN so 
1981 iby, ey. Ve 17 17 
L994 Zo 22 20 at 26 
2001 31 26 25 27 a7 
2011 42 51 31 32 48 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2 
BASIN LOA = LAKE SUPERIOR  (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN JS SCEN.4 SCEN.5 
|e eg 7 7 7 7 7 
193 10 ilg8) 8 9 i 
2001 13 ree 10 ia! rs 
Zan 17 13 13 13 20 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 185 185 185 185 185 
1991 223 188 7 Lie 234 
2001 ra Se 183 262 244 308 
2011 336 160 319 269 380 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR s SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 426 426 426 426 426 
1991 514 434 499 496 539 
2001 630 422 603 56.2 709 
2011 P23 367 ise 619 B19 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCENS 4 SCENS5 
1981 Z 2 vs 2 2 
1991 3 | 3 3 3 
2001 4 2 ) 3 4 
2011 4 2 4 3 5 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND TEAR, Loel=20id 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 292 292 2972 292 (he 
L991 365 337 408 340 390 
2001 465 388 560 413 S19 
2011 593 437 774 479 653 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 19681-27011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 292 292 292 292 232 
1991 365 mae 408 340 390 
2001 465 388 560 eS a1 
2011 393 437 774 479 653 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A = LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1 l l ] l 
1991] l 1 l l 1 
2001 ] l l l l 
2011 1 l 2 l 2 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCENS 3 SCEN.4 SCEN.5 
geen) 26 26 26 26 26 
Poot op! 28 See 29 Sie, 
2001 Swi Pay} 40 32 42 
2011 43 20 a1 SIS) oa 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN I19A = LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
196) 26 26 26 26 26 
199 Siu 28 a2 iy) a3 
2001 EW Z7 40 32 42 
20 43 Zo Eyl! ae Sk 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEARS TIST=207 7 
BASIN 19A - LAKE SUPERIOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
LR Moe: 4 4 4 4 4 
9 oe 5 5 5 4 ) 
2001 6 4 6 5 6 
wows i 4 8 5) 8 
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YEAR 

1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Ot ad. 


1g9i 


Agricul 
Mineral 
Manufact 
Power 
Municipal 


Ot aL 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


poet sp: tl 


ZO 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


hfe se: Ma | 


SUMMARY OF WATER INTAKE BY SCENARIO 


BASIN 19B 


SCEN.1 


A-189 


LAKE HURON (MCM/YEAR) 
SCEN.2 SCEN.3 SCEN.4 
38 38 38 
35 35 35 
1299 1299 1299 
5300 5300 5300 
120 120 120 
6793 6793 6793 
40 45 44 
44 46 42 
1404 1709 1506 
6108 7408 6164 
127 149 135 
7722 9357 7892 
38 53 49 
52 64 54 
1507 2313 775 
7042 10154 7493 
125 184 148 
8765 12767 9519 
33 64 54 
ai 94 64 
1491 3164 2003 
7935 14042 8697 
116 234 160 
9636 17598 10977 


AND YEAR, 


SCEN.5 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 19B -— LAKE HURON’ (MCM/YEAR) 


YEAR S/GiENNFon SIGINT 2 SCEN.3 SiGBiINGs 4a SIGE Nien: 
1981 
Agricul 38 38 38 38 38 
Mineral 79 79 79 79 79 
Manufact 2096 2096 2096 2096 2096 
Power 5300 DOO 5300 5300 S00 
Municipal 120 L20 120 120 B20 
Total 7634 7634 7634 7634 7634 
1991 
Agricul 47 40 45 44 a 
Mineral 108 99 98 96 £20 
Manufact 2005 2228 267% 2401 2845 
Power 6624 6108 7408 6164 7068 
Municipal 145 Wea) 149 135 L53 
Total 35129 8602 POsd 8840 10236 
2001 
Agricul 57 38 So 49 66 
Mineral 143 119 eee | eee 168 
Manufact 3402 2356 Su 2862 4037 
Power 8434 7042 1OL54 Taos 9414 
Municipal 169 12 184 148 193 
Total Le 2> 9681 14089 10675 Nore: 
2011 
Agricul 69 bye 64 54 81 
Mineral 190 140 173 145 2193 
Manufact 4457 Zou 4828 275 5289 
Power 10760 79:35 14042 8697 11842 
Municipal 200 116 234 160 234 
Total 15676 10491 19340 12330 17665 
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YEAR 

1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 
Agr Leu 
Mineral 
Manufact 
Power 
Municipal 


moitall 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota l 


201 1 
Agric | 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF CONSUM 


BASIN 19B 
SCEN,1 


ig 

i) 
ibe 
i 
18 


LAKE HURON 


PTIVE WATER USE By 


(MCM/YEAR) 
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SCEN,. 2 SCEN.3 

32 oh 32 
3 3 3 
ll La 1} 
13 We) 13 
18 LD 18 
76 76 76 
a9 ad 37 
4 3 3 
13 14 Rs) 
16 18 15 
rae 22 20 
3 94 88 
oe 44 41 
4 4 4 
tz 19 16 
17 Figs) FS 
LS 28 22 
84 ee) HOY 
ZT Das) 45 
3 5 5 
11 26 18 
is 34 1 
Ly 35 24 
79 153 Li3 


SCENARIO AND YEAR, 1981-2011, 


SCEN.4 SCEN.5 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO ANDe YEARS 22981-7071 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN =) SCE Nae? SCEN.3 SCEN.4 SCEN.5 

1981 38 38 38 38 38 

1991 47 40 45 44 51 

2001 a7. 38 53 49 66 

200) 69 33 64 54 81 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 19B - LAKE HURON (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 

1981 38 38 38 38 38 

1991 47 40 45 44 51 

2061 ST 38 S53 49 66 

2004 69 33 64 54 81 
SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND’ YEAR, 198%=20) 1 
BASIN 19B — LAKE HURON (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCENS4 SCEN.5 

1981 32 32 ao a2 22 

1991 39 39 B7 37 42 

2001 47 32 44 4) 55 

2074 a7 De] 53 45 68 
SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SGEN 2 SCEN.4 SCEN.5 

1981 a5 35 35 oS 35 

1991 48 44 46 42 53 

2001 63 Y e52 64 54 74 

2011 83 61 94 64 96 
SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR. 19.83 
BASIN 19B - LAKE HURON (MCM/YEAR) 
YEAR SCEN 1 SCEN 22 SCEN.3 SCEN.4 SCEN.5 

1981 79 79 79 79 79 

1991 108 99 98 96 P20 

2001 143 119 127 122 168 

Zon 190 140 173 145 219 


SUMMARY OF MINERAL 


EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-; 
BASIN 19B = LAKE HURON (MCM/YEAR) 
YEAR SCEN SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
198:) 3 3 3 3 3 
199] 4 4 3 2 4 
2001 =) 4 4 4 6 
PAO 7 ) ®) ) 7 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 19B = LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 a 1299 1299 1299 1299 
1991 1624 1404 1709 1506 1762 
2001 2119 Pour 2313 a a a" 2518 
2011 2773 149] 3164 2003 2205 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR , SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2096 2096 2096 2096 2096 
1991 2605 2228 2671 2401 2845 
2001 3402 2356 35714 2862 4037 
2011 4457 2267 4828 Jano 5289 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 |e ie i 11 ht 
oo) 14 13 14 13 15 
2001 18 2 3 16 24 
201) 25 bi} 26 18 28 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L961 5300 5300 5300 2300 5300 
L393 6624 6108 7408 6164 7068 
2001 8434 7042 10154 7493 9414 
2011 10760 1235 14042 8697 11842 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND TEAR, 1981-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 5300 5300 5300 5300 5300 
1991 6624 6108 7408 6164 7068 
2001 8434 7042 10154 7493 9414 
2011 10760 7935 14042 8697 11842 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 19861-2011 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 13 13 13 13 3 
1991 16 16 18 io Lie 
2001 20 WP 25 18 so 
2011 26 19 34 21 29 
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SUMMARY OF MUNICIPAL WATER INTAKE BY 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 
1951 120 b2Z0: 120 
1991 145 2:7 149 
2001 DO3 125 184 
Z0T1 200 116 234 


SUMMARY OF MUNICIPAL GROSS WATER USE 
BASIN 19B - LAKE HURON (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
Let p20 129 120 
199 145 127 149 
2001 169 125 184 
2011 200 116 234 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
BASIN 19B = LAKE HURON (MCM/YEAR) 


YEAR SCEN. 1 SGEN G2 SCEN. 3 
L931 18 18 18 
1991 22 21 De 
2001 pe) Lg 28 
court 30 ee 30 


SCENARIO AND YEAR, 


SCENS4 SCEN.5 
120 
Po 
148 
160 


P20 
ee 
1 
234 


ESS B= 2 Oi) 


BY -SCENARELO SANDUYEARS VLOSIs200) 


SCEN.4 SCEN.5 
12.0 
Lg Be) 
148 
160 


P20 
5,3 
1:93 
234 


BY “SCENAR LO SAND GY DAR 5 49'S Ho2 0 RI 


SCEN «4 SCE N45 
18 
20 
Pap: 
oa 
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18 
23 
29 
a5 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19Cy> LAKES ST.'CLAIR & ERIE (MCM/YEAR) 


YEAR SCEN.1 SGCENs2 SGEN< 3 SGEN.4 SCEN. 5 
1981 
Agricul 46 46 46 46 46 
Mineral at Tel teal Wai ol 
Manufact 1363 1363 1363 1363 11 Shey 2! 
Power 4608 4608 4608 4608 4608 
Municipal 272 at ie} 272 le Be 3 27eZ 
Total 6300 6300 6300 6300 6300 
LSet 
Agricul 57 48 54 54 61 
Mineral 14 is} p25; Te2 16 
Manufact Teale Sas 1856 1586 1872 
Power S738 5309 6439 5358 6144 
Municipal 329 288 339 307 348 
Total 7874 WALT i S7ig 73ig 844] 
2001 
Agricul 69 46 64 60 80 
Mineral ey ES 47 15 PAS 
Manufact AA e el Wey S} 7 2489 1809 2636 
Power ree pee! 6122 8826 6514 8183 
Municipal 385 283 & Ie? 336 439 
TOtel 9983 S102 TSS 8733 Li359 
2011 
Agricul 83 39 78 65 98 
Mineral ZZ 16 94 18 Dy, 
Manufact 2776 1674 33 46 2001 3418 
Power 9353 6898 12206 7560 10294 
Municipal 454 263 530 362 5a 
Total 12689 8891 16284 10007 14368 
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SUMMARY “OF GROSS «WATER USE BY  SCENARTIOVANDY YEARS 29671-2011, 
BASIN 19¢8="WAKES *STY CLAIRS&VERIE? PC MOM; YEAR) 


YEAR SGIBIN G I SOV G Z SCEN. 3 SCEN. 4 SCGEN YS 
1981 
Agricul 46 46 46 46 46 
Mineral ili Wye! 11 Li 11 
Manufact 2282 2262 Pegg) 2262 2282 
Power 4608 4608 4608 4608 4608 
Municipal 272 27-2 Zi VAR EY Zag 
pivot eee b F220 7220 if PFe48) Laeo 7220 
ede 
Agricul a7, 48 54 54 61 
Mineral i 13 26 13 16 
Manufact 2901 2526 3084 26.9.1 a1 9) 
Power S758 5309 6439 5358 6144 
Municipal 329 288 339 307 348 
Total 9060 8185 9942 8383 9760 
ZO 0:1 
Agricul 69 46 64 60 80 
Mineral 18 js) 50 16 22 
Manufact Sy 2694 4133 3056 4503 
Power 1331 O22, 8826 6514 8183 
Municipal 385 283 417 336 439 
Total PLS .6 9161 13490 9981 13226 
ZO) 
Agricul 83 39 78 65 ot 
Mineral Z3 Le 99 19 28 
Manufact 4760 2673 5.620 3406 5860 
Power 9333 6898 12206 7560 10294 
Mundeipal 454 203 53:0 362 531 
Total Taod 3 9895 1$333 Pa k2 16812 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 19C = LAKES ST. CLAIR & ERIE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 
Agricul 38 38 38 38 38 
Mineral 1 l l l 1 
Manufact Seay, POX, 15297, L277 7 
Power itil al Meal IE al shal 
Municipal 4l 4] 4] 41 4] 
Total 2 ive 218 218 218 218 
1991 
Agricul 48 47 45 45 yal 
Mineral 1 l 3 1 2 
Manufact P58 154 WE? ayy, P/e2 
Power 14 14 16 13 Ls 
Municipal 49 48 Bal 46 Bie. 
Total PLIAG, 265 286 252 291 
20011 
Agricul afd 38 he a0 66 
Mineral 2 2 5 2 2 
Manufact Zul LES 2 PA SVP 168 MD 
Power 18 15 Dal 16 20 
Municipal 58 43 63 50 66 
hota | 336 249 374 285 396 
204i) 
Agricul 69 She 64 54 82 
Mineral 2 2 10 2 s) 
Manufact 256 156 Shik 186 B83 
Power 23 ky 30 18 2S 
Municipal 68 39 80 54 80 
hata 418 ey, 50) S5le5 02 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASINeI9C j=" LAKES. STS CLAIR & ERTE* (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19S 46 46 46 46 46 
ete Si 48 54 54 61 
2001 69 46 64 60 80 
2011 83 59 78 65 98 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19C = LAKES ST. CLAIR & ERIE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
P39 s7 46 46 46 46 46 
1991 yi 48 54 54 61 
2001 69 46 64 60 80 
Onl 83 39 78 65 98 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN U9C = "LAKES. ST. CLAIR & ERTE (MCM/YEAR) 


YEAR SCEN. 1 SCENr 2 SCE 5 SCEN.4 SCEN 25 
L931 38 he: 38 38 38 
boot 48 47 45 45 51 
2001 a1 38 53 50 66 
201 69 33. 64 54 82 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BACHIN (hOC y= ILAKES “ST CLALR “& BREE “CMCM/ Many) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN. Se oCENyo 
13931 it Pk 1} ia Ll 
Eo 9:1 14 v3 rae 12 16 
2001 17 15 47 13 21 
Z One) 22 16 94 18 27 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2¢€ 
BASIN I9C — LAKES ST. CLAIR & ERIE “(MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
sya 11 iI Lt ile Ua | 
Po oet 1s: 13 26 13 16 
2001 18 iS 50 16 22 
PAG | P58 17 99 19 28 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2( 
BASIN 19C "= LAKES ST. CLAIR -& ERIE <(MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN.S SCEN.4 SCEN.5 
1981 1 1 1 1 1 
1994 1 l 3 1 2 
2001 2 z 5 2 2 
20 2 2 10 2 3 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 
& ERIE (MCM/YEAR) 


BASIN 19C = LAKES ST. CLAIR 


YEAR SCEN.1 SCEN.2 
1981 1363 1363 
1991 1716 Be Be 
2001 2181 1637 
2011 2775 1674 


SCEN.3 SCEN.4 SCEN.5 


1363 
1856 
2489 
3376 


1363 
1586 
1809 
2001 


1363 
1672 
2636 
3418 


1981-2011 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 19C = LAKES ST. CLAIR 


YEAR 5) PEN J SCEN.2 
1981 2282 2282 
1991 2901 2526 
2001 3712 2694 
2011 4760 2677 


& ERIE (MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 


2282 
3084 
4133 
5620 


2262 
20 a1 
3056 
3406 


2282 
3191 
4503 
5860 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


Pavan 19C ~ LAKES ST. CLAIR 


YEAR SCEN.1 SCEN.2 
198} L272 c20 
199] 158 154 
2001 ZO4 E52 
2011 256 156 


SUMMARY OF POWER GENERATION 
BASIN 19C = LAKES ST. CLAIR 


YEAR SCEN.1 SCEN.2 
1981 4608 4608 
L991 3758 5309 
2001 Baal 6122 
2011 9453 6898 


SUMMARY OF POWER GENERATION 
peo ime LOC = LAKES ST. CLAIR 


YEAR SCEN.1 SCEN.2 
1981 4608 4608 
1991 5758 5309 
2001 font 6122 
2011 9353 6898 


SUMMARY OF POWER GENERATION 
BASIN 19C = LAKES ST. CLAIR 


YEAR SCEN.1 SCEN.2 
1981 11 11 
1991 14 14 
2001 18 i> 
2011 23 7 


& .ERIE. \(MCM/YEBAR) 


SCEN.3 SGEN «4. SCEN 25 


Ne | 
ii2Z 
232 
Sha 


127 
147 
168 
186 


i272 
iF 2 
242 
a3 


WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


& ERIE. (MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 


4608 
6439 
8826 
12206 


4608 
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GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


& ERIE (MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 
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CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


& ERIE (MCM/YEAR) 


SCEN.3 SCEN.4 SCEN. 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981=201) 
BASIN, 19C =—'-LAKES ST. CLAIR & ERIE “€MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 Die 242 (ap Ze 212 
i dee | S24 288 SS) 307 348 
2001 éfotes 283 417 330 439 
ZONE 454 263 530 362 eRe ei! 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19C - LAKES ST. CLAIR & ERIE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.S SCEN.4 SCEN.5 
1981 7A ee PAPER Zee 2) 2 oie 
Pood 329 288 329 307 348 
2001 385 283 417 336 439 
ZOU 454 263 530 362 hey 


SUMMARY "OF MUNICIPAL "CONSUMPLIVE USE BY “SCENARTO AND YEAR, 198)-20 5) 
BASIN 19C. — ‘LAKES ST. CLAIR &"ERZE "CMCM7 YEAR 


YEAR SCEN. 1 SEN. 2 SCEN. 3 SCEN.4 SCEN.5 
1961 41 4] 41 4] 41 
LOO 49 48 51 46 52 
2001 58 43 63 50 66 
ZO 68 39 80 54 80 
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YEAR 

1981 
Agricul 
Mineral 
Manufact 
Power 
Mune? pal 


ret al 


1991 , 


Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tota! 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


he tak 


Zed 
Ag THe aL 
Mineral 
Manufact 
Power 
Municipal 


Jie & a: Wb 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
- LAKE ONTARIO & UPPER ST, 


BASIN 19D 
SCEN. | 


42 


SCEN.2 


42 


SCEN.3 


42 


8 

11 
2912 
P2532 
L723 


17249 


LAWRENCE 


SCEN.4 SCEN. 5 


42 


(MCM/YEAR) 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SIGEINicel SIGINT eZ S@BNe SGHINELG ESCEIN> 
1981 
Agricul 42 42 42 42 42 
Mineral 2 2 2 2 2 
Manufact RAS RODS DOTS RSS 2525 
Power 4730 4730 4730 4730 4730 
Municipal 885 885 885 885 885 
Tote 8184 8184 8184 8184 8184 
1991 
Agricul Di2 44 49 49 56 
Mineral 72 2 5 2 3 
Manufact SVS) 7 2686 By253) I 2924 3421 
Power 592 5450 6611 5y5)(0) 1 6307 
Municipal 1067 934 1101 999 DRS 
ontraull 10190 Onell 10996 9474 10917 
2001 
Agricul 63 7) 58 Sa 1S 
Mineral 3 3 9 3 4 
Manufact 4088 2S 4284 3464 4799 
Power PSX 6284 9061 6687 8401 
Municipal L2S 921 193515 1092 1a26 
Total LAS Sil 10043 Vea 617; Lies OO baz 
POW 
Agricul 76 36 TA 60 90 
Mineral 4 3 18 3 5 
Manufact SoileD 2623 5790 3922 6226 
Power 9602 7082 i2o3 1 afoul 100) 5) 7/ 
Municipal 1474 85 72s WAZA z/ Na 2Y 
Total Taga 10598 20132 12923 18615 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SG EON. a SCE N Sz SE Nes iS SCEN. 4 =S'iGEN. 5 
1981 
Agricul 35 35 35 35 i 
Mineral 6) 0) 0 ¢) 0 
Manufact ay) Syl Syl Du Syl 
Power Heal Pit ll Jel Gi 
Municipal Ses iy! sys 135 133 
Total Roe PE ByAl SVN 72 S35) 231 
199) 
Agricul 44 43 41 4] 46 
Mineral 0) 6) 0) 0) 0 
Manufact 63 62 65 59 69 
Power 14 14 16 1 yes: 
Municipal 160 156 Ih fe 5 150 170 
Total 282 27D 288 263 300 
2001 
Agricul 52 aS 48 45 60 
Mineral 0) 0) l 0 0) 
Manufact 81 Sal 84 69 95 
Power 18 15) Ba 16 20 
Municipal 188 1338 203 164 214 
Lotal 339 DYESS, 359 294 390 
2011 
Agricul 6 3 30 59 50) 75 
Mineral @) 0 2 @) O 
Manufact 103 54 iL aba iil ie 
Power 25 17 30 19 26 
Municipal 221 128 259 laa, 259 
Bota 410 229 461 B22. 481 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L9St 42 42 42 42 42 
ee 52 44 49 49 56 
2001 63 42 58 54 23 
20:1 76 36 fat 60 90 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19.8.1 42 42 42 42 42 
199) a2 44 49 49 56 
2001 63 42 58 54 1S 
ZUG 76 36 ha 60 90 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN 2 SCEN.3 SCEN.4 SCEN.5 
e4 35 35 35 35 35 
E9971 44 43 41 41 46 
2001 De 35 48 45 60 
Za tel 63 30 os) 50 PS 


SUMMARY OF MINERAL EXTRACTION, WALLER. VINTAKE «65. SCENARLO) AND, YEAR, 1961-20) 1 
BASIN 19D = LAKE ONTARIO & UPPER ST. .LAWRENCE » .CMCM/YEAR) 


YEAR SCEN. 1) SCEN.2 SCEN. 5 SCEN.4 SCEN, 5 
1981 1 1 1 1 1 
19.9.1 2 2 3 1 2 
2001 2 2 6 2 2 
2011 3 2 id Zz 3 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-20 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2 2 2 2 2 
(ee aw 2 2 5 zZ 3 
2001 3 3 Y) 3 4 
2011 - 3 18 3 5 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2C 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0) 
19) 0 0 0 0 0 
2001 0 0 1 0 0 
204.1 0 0 2 0 0 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1288 1288 1288 1288 1288 
Lars 1613 1363 1630 1489 1750 
2001 2109 1420 2159 1786 2472 
2011 2769 L322 29 EZ 2036 3224 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 2981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR , SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2525 2525 Zo 20 2925 L329 
1991 Ge ge 2686 32231 2924 3421 
2001 4088 2793 4284 3464 4799 
2011 eM RRS 2023 57-90) 3922 6226 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, W981~=2079 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 af 4 54 oe 51 
i bee 63 62 65 59 69 
2001 81 Sw! 84 69 95 
2011 103 54 Ebi Ld P22 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN. 4 SGEN.S 
19381 4730 4730 4730 4730 4730 
1991 5912 5450 6611 52 0a 6307 
2001 7526 6284 9061 6687 8401 
2011 9602 7082 £2531 LARS 10367 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 4730 4730 4730 4730 4730 
1991 a9 12 5450 6611 5501 6307 
2001 7526 6284 9061 6687 8401 
2011 9602 7082 | ae 7761 10567 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 19D - LAKE ONTARIO & UPPER ST. LAWRENCE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 11 ll 11 11 11 
1991 14 14 16 ig 15 
2001 18 15 a2 16 20 
20il re 17 30 19 26 
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SUMMARY OF MUNICIPAL WATER INTAKE BY 
LAKE: JONTARIG®’ <6 UPPER ST. 


BASIN 19D 


YEAR 


1981 
rood 
2001 
2011 


SCEN.1 
885 
1067 
eas | 
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S CEN 6:2 
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SUMMARY OF MUNICIPAL GROSS WATER USE 
LAKE ONTARIO & 


BASIN, 19D 


YEAR 


LOS 
Loon 
2001 
2011 


SCEN.1 
885 
LOC? 
1251 
1474 


SCEN.2 
885 
934 
924 
855 


UPPER? 9S 14. 


SCEN. 3 
885 
1101 
1332 
P7238 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE 
LAKE ONTARIO. & UPPER 1S 


BASIN 19D 


YEAR 


198) 
Oe Pel 
2001 
2 Ot 


SCEN 1 
i355 
160 
188 
22 


SCEN. 2 
138 
136 
138 
128 


SGEN 3 
L338 
165 
203 
Zo9 


SCENARIO AND YEAR, 
(MCM/YEAR) 


LAWRENCE 


SCENS4 SCEN.:5 


885 
999 
1092 
rin? 


BY SCENARIO AND YEAR, 
(MCM/YEAR) 


LAWRENCE 


885 
L134 
1426 
LIZ 


SCEN.4 SCEN.5 


885 
999 
1092 
Livy 


BY SCENARIO AND YEAR, 


LAWRENCE (MCM/YEAR) 


885 
Dist 
1426 
Lee 


SCENN4 SCENTS 


133 
150 
164 


a7. 
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19S TS=2077 


P98 1=209I 


198 F-20101 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN. i S GEN 2 SCEN.3 SCEN.4 SCEN.5 
1981 
Agricul 18 18 18 18 18 
Mineral a 25 25 25 25 
Manufact 82 82 82 82 82 
Power 0 0 0 0 0 
Municipal 123 HS 125 125 12S 
Total 250 250 250 250 250 
1991 
Agricul Ze 19 21 24 24 
Mineral ee a4 29 30 37 
Manufact 100 84 oi 96 105 
Power 0 0 0 0) 0 
Municipal 153 132 155 141 160 
Total 306 266 302 288 325 
2001 
Agricul 27 18 sds 25 34 
Mineral 44 37 35 38 52 
Manufact L22 82 1h he 109 138 
Power 0 0 0 0 0 
Municipal 176 130 Poul 154 20k 
Total 370 267 369 324 422 
2011 
Agricul 32 15 30 26 38 
Mineral 59 44 44 45 68 
Manufact 150 a2 143 120 170 
Power 0 0 0 0 0 
Municipal 208 124 244 166 243 
Total 449 de Vs 460 357 520 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR Sor ZO0 11. 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SIGEINisnL S'GEINi ee SiGENie3 SCGEING4 SIGEN > 
1981 
Agricul 18 18 18 18 18 
Mineral HS} 73 73 73 U8) 
Manufact sls Bilas Shit st Sh3l Ss! 313 
Power 0 0) 0) 6) 0 
Municipal P25 125 123 ho L25 
Towtan: 529 529 529 529 529 
1991 
Agricul 22 19 I PN 24 
Mineral 99 91 85 89 110 
Manufact 378 20) 368 365 398 
Power 0) 6) 0 0) 0) 
Municipal 151 i V7 WS 141 160 
Monta! 650 562 6 30 616 691 
2001 
Agricul at 18 Zo PA) Sal! 
Mineral lp32 110 104 12 ESS 
Manufact 464 il 2 445 414 SAP 
Power 0) 0. 0 6) @) 
Municipal 176 130 191 154 OR 
Hoe ell 799 57.0 766 7.03 909 
POW I 
Agricul 32 i5 30 26 38 
Mineral 176 3 129 134 2072 
Manufact 569 Die 540 4535 645 
Power ) 6) 0 0) 6) 
Municipal 208 2 2h 244 166 243 
Total 985 538 943 780 1129 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR,1981-201]] 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCENR 2 SCEN. 3 SGEN. 4 SGEN.5 
1981 
Agricul ee 13 i 15 15 
Mineral ) ) 0 0) ¢) 
Manufact z 2 2 2. 2 
Power 0) ) 0) @) 0) 
Municipal 19 19 19 19 19 
Bota Ll 36 36 36 36 36 
9)9:1 
Agricul 19 19 17 LF 20 
Mineral 0 0) 0) 0 0) 
Manufact 2 2 2 2 2 
Power ¢) ) 0 0 @) 
Municipal 23 22 23 21 24 
Total 43 43 43 41 46 
2001 
Agricul 2a PS pa | 19 26 
Mineral 0 0 ) 0 @) 
Manufact 3 2 3 2 3 
Power 6) 6) 0 0) 0 
Municipal 26 19 29 2X? 0 
Total 51 36 ope 45 59 
POL 
Agricul 27 13 2 21 32 
Mineral @) 0 O O 0 
Manufact 3 2 3 3 4 
Power 0 0 @) ¢) 0) 
Municipal 31 18 a. BR 36 
Total 6 1 33 65 49 ie 
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SUMMARY OF 
BASIN 20 - 
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£981 
P9971 
2001 
ZO 


SUMMARY OF 
BASIN 20 = 


YEAR 
Post 
bg.9t 
2001 
20:91 


SUMMARY OF 
BASIN 20 - 


YEAR 
V981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 20 - 


YEAR 
1981 
ee 
200) 
20 171 


AGRICULTURAL WATER INTAKE BY SCENARIO AND YEARS 41 987=201 1 


OTTAWA RIVER IN ONTARIO REGION 
SCEN.1 SCEN.2 SCEN.3 SCEN. 
18 18 18 
22 i pa) 
a 18 Zo 
a2 iS 30 


AGRICULTURAL GROSS WATER USE BY 
OTTAWA RIVER IN ONTARIO REGION 


SCEN.1 SCEN.2 SCEN.3 SCEN. 
18 18 18 
Pad We) 21 
ai 18 25 
a2 LS 30 


AGRICULTURAL CONSUMPTIVE USE BY 


OTTAWA RIVER IN ONTARIO REGION 
SCEN.1 SCEN.2 SCEN.3 SCEN. 
Ls) Gs) bi) 
We) ee) iy 
ae Ve) 21 
Zl es) Zp 


MINERAL EXTRACTION WATER INTAKE 
OTTAWA RIVER IN ONTARIO REGION 


SCEN. 1 SGEN ez SCEN.3 SCEN. 
25 25 Ze 
33 31 Zo 
44 a7 35 
59 44 44 


MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 


OTTAWA RIVER IN ONTARIO REGION 


(MCM/YEAR) 
& SCEN.S 

18 18 
yal 24 
23 31 
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SCENARIO AND YEAR, 


(MCM/YEAR) 


4 SCEN.5 
18 

Zi 2 
23 
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SCENARIO AND YEAR, 


(MCM/YEAR) 


4 SCEN.5 
15 1 
ws 
Ne, 2 
21 


18 
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31 
38 
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20 
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a2 


BY SCENARIO 


(MCM/YEAR) 


4 ~SCEN.5 

Zo 23 
30 a7 
38 a2 
45 68 


(MCM/YEAR) 


SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
us ree 13 73 15S: 
79 a4 85 89 110 
132 10 104 Pi2 LS5 
176 130 b29 134 202 


MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 


OTTAWA RIVER IN ONTARIO REGION 


SCEN.1 SCEN,2 SCEN,3 


(2) (=) (@) 
(SS) LSS) 
a (eh) ©) 


SCEN. 


(MCM/YEAR) 
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eee) 
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AND YEAR, 


Lgsi= 2001 


P93 2.04e1 


LOS ee ed 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 82 82 82 82 82 
1991 100 84 97 96 105 
2001 122 82 Lis bg 138 
2011 150 jae 143 120 170 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR . SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 353 3.13 313 Miles 313 
rah 378 320 368 365 398 
2001 464 See 445 414 ye 
2011 BAL he! cae 540 455 645 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN..4 SCEN.5 
1981 2 2 2 2 2 
rset Z 2 Z Zz 2 
2001 3 2 3 Z 5 
20141 3 2 3 3 4 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, L388 1=20171 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
Rey at 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991] 0 0 0 0 0) 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5S 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


BPRS fe 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 L259 25 ZS 125 ro 
$99 jo Hh 132 155 141 160 
2004 176 130 191 154 Z0t 
2Oua 208 P24 244 166 243 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN ONTARIO REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198i 125 1245 125 ho TZ) 
1991 L5l P3)2 1) 141 160 
2001 176 P30 Poa 154 201 
ZO 208 We2ik 244 166 243 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 207= OTTAWAs RIVER: IN ONTARIO: RECTION " 5((MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 19 bg 19 io i9 
12.9) 23 a9) 23 21 24 
2001 26 19 29 “3 30 
ZO) 31 18 ay 2 36 


Arzig 


SUMMARY OF W 
QUEBEC REGION UMCNYBARSCENARIO AND YEAR, 1981-2011 

SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 

1981 
Agricul 82 82 82 82 82 
Mineral 107 107 LOT LG7 107 
Manufact 2386 2386 2386 2386 2386 
Power 308 308 308 308 308 
Municipal 1369 1369 1369 1369 1369 
Total 4252 4252 4252 4252 a2Zoe 

1991, 
Agricul 96 81 96 96 106 
Mineral 138 128 L22 reo 133 
Manufact 2967 2554 3037 28177 3134 
Power 393 362 454 369 419 
Municipal 1597 1398 1650 1514 1702 
Total 5492 4523 5360 4925 5524 

2001 
Agricul ihe 77 EES 106 137 
Mineral 186 L535 15S 169 215 
Manufact 3691 2605 3853 3207 4232 
Power 487 407 611 439 542 
Municipal 1797 1328 1933 1594 2059 
Total 6276 4567 6666 epee ne) 7184 

Z0)4 
Agricul 138 65 138 LS 168 
Mineral 250 184 202 208 a7 7 
Manufact 4602 2451 4937 3235 5300 
Power 605 446 829 502 666 
Municipal 2035 1180 2336 1667 2420 
Total 7629 4327 8441 6029 8901 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
QUEBEC REGION (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN. 2 SCGEN.3 SCEN «4 SCEN- «5 


1981 
Agricul 82 82 82 82 82 
Mineral 333 333 333 333 333 
Manufact 5255 5255 5255 §255 5255 
Power 308 308 308 308 308 
Municipal 1369 1369 1369 1369 1369 
Total 7346 7346 7346 7346 7346 
1991 
Agricul 96 81 96 96 106 
Mineral 432 398 379 404 479 
Manufact 6540 5598 6632 6202 6881 
Power 393 362 454 369 419 
Municipal 1597 1398 1650 1514 1702 
Total 9058 7838 9212 8584 9587 
2001 
Agricul HD cs) a7 iS 106 iy 
Mineral 579 484 482 529 670 
Manufact 8096 5634 8327 7027 9246 
Power 487 407 611 439 542 
Municipal L797 1323 1933 1594 2059 
Total 11075 7924 11468 9696 $2654 
201 
Agricul 138 65 138 115 168 
Mineral 779 574 627 650 863 
Manufact 10045 5195 10578 7744 Pips 
Power 605 446 829 502 666 
Municipal 2035 1180 23:36 1667 2420 
Total 13601 7460 14507 10680 15832 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 


QUEBEC REGION (MCM/YEAR) 
SECTOR/YR SSA SICTINGs a2 SCEN. 3 SGCEN. 4 SCENK 4 
1981 
Agricul 81 81 81 81 81 
Mineral 10 10 10 10 10 
Manufact 13D 1s eS 135 135 1S 
Power 4 4 4 4 4 
Municipal 209 205 HO INOS: 205 
Total 435 a5 435 435 BUS 
1991 . 
Agricul 95 80 95 94 104 
Mineral 13 Lee: 12 Ls! M5 
Manufact 169 145 ye 160 178 
Power 5 5 6 5 6 
Municipal Dale? 186 DBS 204 22 
Total 494 428 By he BOTS 525 
2001 
Agricul leks 76 a 104 134 
Mineral 18 LS 15) 16 Dal 
Manufact 209 148 22 180 239 
Power 6 5 8 6 i! 
Municipal 236 174 267 21,6 260 
Total 582 a WF 624 525 661 
201 1 
Agricul 135 64 1 SiS) ies 165 
Mineral IME 18 19 20 27 
Manufact 259 139 285 198 306 
Power 8 6 Teh if 9 
Municipal 264 l3 sisi 228 298 
Total 690 380 782 566 804 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN*. 2 SCEN..3 SCEN.4 SCEN.5 
ied 82 82 82 82 82 
19934 96 81 96 96 106 
2001 Ae ry 1S ee, 106 EMF 
20 t4 138 65 138 isl 168 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCE NieyZ SCEN SCENS4 SCEN.S 
1981 82 82 82 82 82 
199) 96 81 96 96 106 
2001 LS gh: ne, 106 b37 
201.1 138 65 13:8 is: 168 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN wa SCEN 2 SCENGS SCEN..4 SCEN<5 
ee Roull 81 81 81 81 81 
root 95 80 95 94 104 
2001 Tedes 76 LS 104 134 
ZO 11 135 64 ip teL3 165 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCE Nieuw SCEN.3 SCEN«s4 SCEN «5 
post 107 OL 107 1.07 107 
oO 138 128 Lei AS) 13,3 
ZO.) 186 55 Se) 169 215 


ZORT | 250 184 202 208 207 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2 
QUEBEC REGION (MCM/YEAR) 


YEAR S GEN. 1 SCEN, 2 SCEN.3 SCEN.4 SCEN.9 
Post SNe ie] 333 3.533 SIE: 333 
19911 432 398 a7 404 479 
2001 SES} 484 482 D239 670 
20:14 779 574 Ove 650 863 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2 
QUEBEC REGION (MCM/YEAR ) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
O87) 10 10 10 10 10 
OOF 13 12 be 13 iS 
2001 18 if) 15 16 Z1 
21 24 18 19 20 pay 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 


QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 
1981 2386 2386 
1991 2967 2554 
2001 3691 2605 
2011 4602 2451 


SUMMARY OF MANUFACTURING GROSS WATER 


QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 
1981 5255 Vas 
1991 6540 5598 
2001 8096 5634 
2011 10045 5195 


SUMMARY OF MANUFACTURING CONSUMPTIVE 


QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 
1981 Hee 135 
Ne ee | 169 145 
2001 209 148 
2011 Zoo £39 


SUMMARY OF POWER GENERATION 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SChN.2 
1981 308 308 
1991 393 362 
2001 487 407 
2011 605 446 


SUMMARY OF POWER GENERATION 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 
1981 308 308 
1991 393 362 
2001 487 407 
2011 605 446 


SUMMARY OF POWER GENERATION 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 
1981 4 4 
1991] 5 2 
2001 6 5 
2011 8 6 


Leei=-2011 


SCEN.3 SCEN. 4 SCENLS 
2386 2386 2386 
3037 2817 3134 
28.53 3201 A232 
4937 3353p 5370 
USE BY SCENARIO AND YEAR, 1981-2011 
SCEN.3 SCEN.4 SCEN.5 
S255 2250 ele Ee 
6632 6202 6881 
8327 TD 9246 
10578 7744 Li7t5 
USE BY SCENARIOVAND YEAR, 1981-2012 
SCEN. 3 SCEN.4 SCEN.5 
135 135 133 
174 160 LAs 
aap | 180 yew 
285 198 306 
WATER INTAKE BY-SCENARIO.AND YEAR, L981i—-2021 


SCEN.3 SCEN.4 -SCEN.5 
308 308 308 
454 369 419 
OLE 439 542 
823 302 666 


GROSS WATER USE BY SCENARIO AND YEAR, 


SCEN, 3 SCEN.4 SCEN.5 
308 308 308 
454 369 419 
611 439 542 
829 502 666 


CONSUMPTIVE USE BY SCENARIO AND YEAR, 


SCEN.3 SCEN.4 SCEN.5 
4 4 4 
6 5 6 
8 5 7 
1] 7 9 


198i—2Z011 


1981-2011 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 PO P3609 1369 1369 1369 
P99) bey, L328 1650 1514 1702 
2001 geo), PS23 Ss 1594 2059 
2010 2035 1180 23.36 L667 2420 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 1369 1369 1369 13.09 1.369 
19:91 Ss Fe 1398 £650 1514 EASY 
2001 Leg 7, {323 Nii Be 5) 1594 2059 
ZO. 20:9.5 1180 2336 1667 2420 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
exo 205 205 205 205 205 
99°) Zaee 186 229 204 222 
2001 220 174 267 26 260 
ZO) 264 1:3 chen 228 298 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


TOEAal 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Tota 


2001 
Rerrewl 
Mineral 
Manufact 
Power 
Municipal 


Loeat 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Let ad 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 
NORTHERN QUEBEC 


BASIN 18 


SCEN.1 


SCEN.2 


SCEN. 3 


(MCM/YEAR) 


SCEN.4 SCEN.5 


120 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981=-2011, 
BASIN 18 - NORTHERN QUEBEC (MCM/YEAR) 


SECTOR/YR SCEN/1 SCEN.2 SCENTS SCEN.4 SCEN5 


1981 
Agricul 0 0 0 0 0 
Mineral 80 80 80 80 80 
Manufact 81 81 81 81 81 
Power 0) O 0) 0 0 
Municipal 0 6) 0 0 6) 
oie ae 161 oul 161 161 161 
1991 
Agricul 0 0 0 0 0 
Mineral 103 95 91 97 les 
Manufact 99 83 97 96 MO}? 
Power 6) ¢) 0 0) 0) 
Municipal 0 0 0 0 0 
Tuo tank IO)2 179 188 192 PAKS) 
2001 
Agricul 0 0 0 0 0 
Mineral 139 116 WS 127 160 
Manufact 120 81 LL 7 106 1pS2 
Power 6) 6) 0 O 6) 
Municipal 0) 0) 0) 0) 0 
Total 259 196 232 233 293 
ZOne 
Agricul 0 0 0 0 0 
Mineral 186 L3H 149 516 206 
Manufact 146 70 142 MAS) Giz 
Power 6) ) 0) 0 6) 
Municipal 0 0 0 0 0 
eyec dl 3343) 72{0) 7/ 291 PL TPM 369 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 18 - NORTHERN QUEBEC (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0 0 0 
Mineral ) 0 0) @) ¢) 
Manufact 9 9 9 9 9 
Power 6) @) ¢) 0 ¢) 
Municipal 0 0 0 0 0 
Total 9 9 9 9 9 
1991 
Agricul 0 0 0 0 0 
Mineral 0) 0 0 0 0) 
Manufact ea 9 iat 10 ial 
Power @) 0) 0) 0) 0) 
Municipal 0 0 0 0 0) 
Tota. ei 9 iil 10 Tel 
2001 
Agricul 0) 0 0 0 0 
Mineral 6) ) @) 0) O 
Manufact ks 9 eS 12 14 
Power 0 0) 0) 0) 0) 
Municipal 0) 0) 0 0) 0 
Tota 13 9 ii 12 14 
2011 
Agricul 0 0 0 0 0 
Mineral 0) 0) O 6) 0) 
Manufact 16 8 Ls 13" 18 
Power 0 0 0 ) @) 
Municipal 0 0 0 0 0 
Total 16 8 LS 13 18 


SUMMARY OF 
BASING LS = 


YEAR 
1981 
oon 
2001 
2031s) 


SUMMARY OF 
BAS UN sl 6) = 


YEAR 
L961 
199d 
2001 
PAO A 


SUMMARY OF 
BAS LN 7:3) = 


YEAR 
Rem eyg 
BeBe 
2001 
Z0b1 


SUMMARY Or 
BA SNe 16 i= 


YEAR 
193) 
ou 
20.071 
2.0.11 


SUMMARY OF 
BASIN 18 = 


YEAR 
1981 
1991 
2001 
ZO. 1 


SUMMARY OF 
BASIN. 16> = 


YEAR 
1981 
19:9:1 
2001 
2011 


AGRICULTURAL WATER INTAKE BY SCENARIO AND 


NORTHERN QUEBEC 


SCEN. 1 


She Gre 


AGRICULTURAL GROSS WATER USE BY SCENARIO 


SCEN.2 


(ap) (>) (2) (=) 


NORTHERN QUEBEC 


SCEN.1 


CHE) Sp @&) 


AGRICULTURAL CONSUMPTIVE USE BY SCENARIO 


SCEN.2 


2} (@) (2) (=) 


NORTHERN QUEBEC 


SCEN.1 


eS SS) = 


SCEN..2 


O'O1S © 


MINERAL EXTRACTION WATER INTAKE BY SCENARIO 
NORTHERN QUEBEC 


SCEN.1 
46 
60 
80 
108 


MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 
(MCM/ YEAR) 


SCEN.2 
46 
ote 
67 
80 


NORTHERN QUEBEC 


SCEUN 
80 
103 
139 
186 


MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
(MCM/YEAR) 


SCEN.2 
80 
95 
116 
137 


NORTHERN QUEBEC 


SCEN.1 


SSIS 


SCEN «2 


QV) j=) 


(MCM/YEAR) 


SCEN <3 
46 
oye) 
67 
87 


SCEN, 3 
80 
91 
Ls 
149 


SCEN.3 


(2) (Sy TS) 


SCEN.4. SCEN 5 


46 46 
56 66 
18) 93 
90 120 


SCEN.4 SCEN.5 


80 80 
a Pr 
Nat 4 160 
156 206 


SCEN.4 SCEN.5 


6a) (Se) r=) 
(S) (2) (2) (=) 
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YEAR, 1981-2011 
(MCM/YEAR) 
SCEN.3  SCEN.4 SCEN.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
AND YEAR, 1981-2011 
(MCM/YEAR) 
SCEN.3 SCEN.4 SCEN.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
AND YEAR, 1981-2011 
(MCM/YEAR) 
SCEN.3 SCEN.4 SCEN.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
AND YEAR, 1981-2011 


1981-26 


1981-2¢@ 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981] 
1991 
2001 
2011 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981; 
1991 
2001 
2011 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981 
St 
2001 
20h 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981 
i991 
2001 
2011 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 18 - 


YEAR 
1981 
1991 
2001 
2011 


MANUFACTURING WATER INTAKE B 
(MCM/YEAR) 


NORTHERN QUEBEC 


SCEN.1 SCEN.2 
74 74 
90 76 
110 ge 
ee 63 


MANUFACTURING GROSS WATER U 


NORTHERN QUEBEC 


S.CEN.1 SCEN.2 
81 81 
99 83 
120 81 
146 70 


MANUFACTURING CONSUMPTIVE USE BY 


NORTHERN QUEBEC 


SCEN.1 SCEN.2 
2 =! 
ll 9 
L3 2) 
16 8 


POWER GENERATION 
NORTHERN QUEBEC 


SCEN.1 SCEN.2 


Oreos 
SS Ke) 


POWER GENERATION 
NORTHERN QUEBEC 


SCEN.1 SCEN.2 


OS OS 
5 a am TE as ee) 


POWER GENERATION 
NORTHERN QUEBEC 


SCEN.1 SCEN.2 


Ooo oa 
QO. 


SCEN.3 


(MCM/YEAR) 


SCEN.3 


(MCM/YEAR) 


SCEN.3 
a 
li 
rs 
15 


WATER INTAKE BY SCENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.3 


SQ OVS 


SCEN.4 SCEN.5 


74 74 
87 93 
a7 te 
105 148 


SE BY SCENARIO AND YEAR, 


SCEN.4 SCEN.5 


81 81 
96 102 
106 13:2 
ri3 162 


SCEN.4 SCEN.5 


9 2 
10 Lt 
12 14 
te) 18 


SCEN.4 SCEN.5 


SOT 
Seo) 


SCENARIO AND YEAR, 


Y SCENARIO AND YEAR, 1981-201] 


1981-2011 


19S l-2011 


198 i—2011 


GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


(MCM/ YEAR) 


SCEN.3 


ee ea ee | 


CONSUMPTIVE USE BY SCENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.3 


oS oS 


SCEN.4 SCEN.5 


SoS 
eI en So 


SCEN.4 SCEN.5 


i tS 1 
On oS 


A=-223 


1981-2011 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 18 - NORTHERN QUEBEC (MCM/YEAR) 


YEAR SCEN.1] SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 0) 0 0 0 0 
ibis Jee Wa 0 0 0 0 0 
2OOL 0 0 0) 0 0 
2001 0 0 0 0 0 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 18 - NORTHERN QUEBEC (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
361 0 0 0 0 0 
P99 1 0 0 0 0 0 
2001 0) 0) 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 18 - NORTHERN QUEBEC (MCM/YEAR) 


YEAR SCEN.1 SCE Nz SCEN.3 SCEN.4 SCEN.5 
pelos 0 0 0 0 0 
1991 0 0 0 0 0 
PAOLO 0 0 0 0 0 
2014 0 0 0 0 0 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


he tal 


ZO 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 
(MCM/YEAR) 


BASIN 20 


SCEN.1 


- OTTAWA RIVER IN QUEBEC REGION 


SCEN.2 


10 
36 
270 
0 
a7 


SCEN.3 


SCEN.4 SCEN.5 


10 
36 
270 
0 
a2 


S73 


547 


784 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND MEARS S2—2Z01 1, 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 10 10 10 10 10 
Mineral 45 45 45 45 45 
Manufact 567 567 567 5y(6) J/ 567 
Power O 0 0 6) O 
Municipal ews uy), D7 Bf wi 
Tova! 679 679 679 679 679 
1991 
Agricul i) 9 Pl i iZ 
Mineral 58 54 Sit 55 65 
Manufact 695 590 690 670 719 
Power 0) @) 0 0 ) 
Municipal 66 58 69 63 70 
Toitael: 831 AVAL (5) 2 798 866 
ZOOn 
Agricul 13 9 13 2 16 
Mineral 78 65 65 Wik 91 
Manufact S52 578 845 Hf SiO) 945 
Power @) @) 0) 0) @) 
Muniel pad 74 5)5) 81 67 84 
Woieadl 1017 TO 7 EOOS 900 Wak SyS 
Zone 
Agricul 16 8 16 te 19 
Mineral ONS 78 85 88 NOL 7 
Manufact 1044 Spo) 1039 818 1170 
Power 0 6) ¢) 0 O 
Municipal 84 49 99 70 98 
Total 1249 644 1239 989 1404 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


SECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 9 9 9 9 9 
Mineral 0 0) 0) 0 0) 
Manufact es! 23 23 23 BS 
Power 0 0 0 0 0 
Municipal 9 9 9 9 9 
Total 41 4] 41 41 41 
1991 
Agricul 11 9 bt bl KZ 
Mineral 0 0 0 0 0 
Manufact 29 24 29 PAF | 30 
Power 0) ¢) 0) 0 0 
Municipal 10 9 11 10 11 
Total 50 42 50 48 Sy 
2001 
Agricul 13 9 13 12 16 
Mineral @) ) 6) 0 6) 
Manufact 36 24 36 SW 39 
Power 0) 0 6) @) 0) 
Municipal ll 8 eS 10 12 
Total 60 4] 62 55 67 
201 1 
Agricul 16 7 16 is} 19 
Mineral 0 0 0 0) 0) 
Manufact 44 20 45 36 48 
Power 0 0 0 0) @) 
Municipal 13 7 16 11 14 
Total 13 35 TT 61 82 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 


BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN. 1 SCEN.2 SCEN. 3 SCEN.4 “SCEN5 
1981 10 10 10 10 10 
1 Oa | 9 bl Pe 12 
2001 106] | 13 2 16 
2017) 16 8 16 he. rg 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 
YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
EIS) 10 10 10 10 10 
oo 11 9 i 11 V2 
2001 ee B 1S r2 16 
Zon 16 8 16 rs he) 
SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 


BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
L931 9 9 ) ) 9 
Lot Pl 9 11 11 TZ 
2001 13 2 13 big? 16 
20.01 16 i 16 tS | ees 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 36 36 36 36 36 
199 46 43 41 43 a2 
2001 62 hs a2 57 72 
Zot 84 62 67 70 33 
SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-20 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
evo | 45 45 45 45 45 
Loo 58 54 ae ao 65 
2001 78 65 65 7A 91 
2011 105 78 85 88 Pi? 
SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-20 


BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
D994 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 270 270 270 270 270 
1991 333 284 334 213 346 
2001 410 282 415 359 460 
2011 507 256 519 394 574 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
L951 ° 567 DoT 567 567 a0 
1991 695 390 690 670 719 
2001 852 578 845 750 945 
2011 1044 510 1039 818 Liv 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 23 23 23 23 23 
1991 29 24 29 27 30 
2001 36 24 36 a2 39 
2011 44 20 45 36 48 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
i931 0 0 0 0 0 
L991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0) 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 320 = OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
ere: ay We a7 S57 a7 
Bagel 66 58 69 63 70 
2001 74 ao 81 67 84 
2011 84 49 99 70 98 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 - OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 oi a, Die. a7 ow 
E971 66 58 69 63 70 
2001 74 52 81 67 84 
2011 84 49 S93 70 98 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 20 — OTTAWA RIVER IN QUEBEC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1S 9 i] 9 9 ) 
Weed 10 9 vl 10 ll 
2001 ie 8 13 10 12 
Zoi i 7 16 11 14 
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SECTOR/YR 
198] 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


19:93) 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Bitayy ayes gd 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Toe al 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Toca lL 


SUMMARY OF WATER INTAKE 
LAWRENCE RIVER 


BASIN 21 


SCEN.1 


65 


ST. 


SCEN.2 


65 


SCEN.3 


65 
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BY SCENARIO AND 


(MCM/YEAR) 


65 


YEAR, 


SCEN.4 SCEN.5 


1981-2011 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Mortal! 


1991 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total: 


2001 
Agricul 
Mineral 
Manufact 
Power 
Muniedipad 


Wore cull 


oO 
A Corde. 
Mineral 
Manufact 
Power 
Municipal 


WoOitzauk 


SUMMARY OF GROSS WATER USE BY SCENARIO AND 
LAWRENCE RIVER 


BASIN 21 
SCEN.1 
65 
4 
3498 
308 
1207 


5083 


ST. 


SCEN., 2 


65 


SCEN.3 


65 


| Ni his Ws 


(MCM/ YEAR) 


65 


YEAR,1981-2011, 


SCEN.4 SCEN.5 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 21 - ST. LAWRENCE RIVER (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 64 64 64 64 64 
Mineral 6) @) 0) ¢) 0 
Manufact 94 94 94 94 94 
Power 4 4 4 4 4 
Municipal 181 181 181 181 181 
Total 3453 343 B43 SYA, 3) 343 
1991 . 
Agricul ; 75 63 75 75 82 
Mineral 0 0) 0 0 @) 
Manufact 118 102 il 2s! 110 126 
Power 5 ) 6 5 6 
Municipal 187 Iey s! 198 179 196 
Total 384 334 402 369 409 
ZO.Orl 
Agricul 89 60 89 83 106 
Mineral ¢) @) ¢) @) 6) 
Manufact Pee 105 158 124 170 
Power 6 5 8 6 7 
Municipal 207 133 235 190 2268 
Dobe. 449 323 490 402 SLY 
20301 
Agricul LOy, 51 107 90 130 
Mineral @) @) @) ) 0 
Manufact 180 101 206 M35 27240 
Power 8 6 ll 7 9 
Municipal is2 |e 291 200 262 
Loita, 52 7 292 coms: 432 OZ 


SUMMARY OF 


AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 


ESS TZ 0r t 


BASIN 21 ST. LAWRENCE RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SiCEN3 SCEN.4 SCEN.5 
1981 65 65 65 65 65 
toon 76 64 76 76 84 
2001 91 61 91 84 108 
2011 109 a2 109 1 132 
SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 21 ST. LAWRENCE RIVER (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Lo orl 65 65 65 65 65 
P99) 76 64 76 76 84 
2001 91 61 91 84 108 
2011 Og 52 109 ou P32 
SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, [983-2010 


BASIN 21 - ST. LAWRENCE RIVER (MCM/YEAR) 

YEAR SCEN.1 SCEN.2 SCEN,3 SCEN.4 SCEN.5S 
P9381 64 64 64 64 64 
199} iS) 63 ee tae 82 
2001 89 60 89 83 106 
ys 08 | 107 at LOW. 90 130 


SUMMARY OF MINERAL EXTRACTION. WATER INTAKE BY SCENARIO AND YEAR; 298 1-207) 


BAG LN «21 = 
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T9971 
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Z0 11 


SUMMARY OF 
BASIN 21 = 


YEAR 
1981 
1991 
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2001 


SUMMARY OF 
BASIN 21 - 
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boo] 
2001 
2:0 1:1] 


ST. LAWRENCE RIVER 


SCEN.1 


MW W W 


MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-203 
ST. LAWRENCE RIVER 


SCEN.1 


— On & 


l 


MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN.1 


1) SD) (SS 


SCEN.2 


UW & WwW Ww 


SCEN.2 


ON UW LS 


SCEN.2 


QP) (Sy (=) 


(MCM/YEAR) 


SCEN.3 


NW W W 


SCEN.4 SCEN.5 


Wm & Ww Ww 
coon £ WwW 


(MCM/YEAR) 
SCEN.3 SCEN.4 SCEN.5 
4 4 4 
6 = ii 
8 7 10 
ll 9 13 


(MCM/YEAR) 


SCEN.3 


STOTOsS 


SCEN.4 SCEN.5 


S) Sens 
QQMLLO}S) & 
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1981-208 


SUMMARY OF 
BASIN 21 - 


YEAR 
198i 
Laz 
2001 
2011 


SUMMARY OF 
BASIN 21 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 21 =- 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 21 - 


YEAR 
1981 
199 I 
2001 
2011 


SUMMARY OF 
BASIN 21 - 


YEAR 
1981 
199i 
2001 
2011 


SUMMARY OF 
BASIN 21 - 


YEAR 
1981 
1991 
2001 
2011 


MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN.1 
1674 
2087 
2596 
3234 


MANUFACTURING GROSS WATER USE BY SCENARIO AND A EARS 
ST. LAWRENCE RIVER 


SCEN.1 
3498 
4376 
5415 
of17 


MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN, I 
94 
118 


POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN.1 
308 
395 
487 
605 


POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN.1 
308 
333 
487 
605 


POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
ST. LAWRENCE RIVER 


SCEN.1 


OoDnW & 


SCEN.2 
1674 
1806 
1858 
L773 


SCEN.2 
3498 
a7 57 
3796 
Bano 


SCEN.2 


SCEN.2 
308 
362 
407 
446 


SCEN.2 
308 
362 
407 
446 


SCEN.2 


DUNN S&S 


(MCM/YEAR) 


SCEN.3 
1674 
2161 
2760 
3564 


SCEN.4 SCEN.5 


1674 
1375 
2231 
2466 


(MCM/YEAR) 
SCEN.3 
3498 3498 
4491 4127 
5681 4675 
7286 a153 


(MCM/ YEAR) 


SCEN.3 
94 
L235 
158 
206 


1674 
2218 
3006 
3832 


SCEN.4 SCEN.5 


3498 
4655 
6272 
7988 


SCEN.4 SCEN.5 


94 
110 
124 
135 


(MCM/YEAR) 


SCEN.3 
308 
454 
611 
829 


94 
126 
170 
220 
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369 
439 
502 


308 
419 
542 
666 
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ONS 


1981-2011 


P9ble Zi 


19Sl-20h) 


Peele 


1981-2011 


L96 ie 201) 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 21 - ST. LAWRENCE RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
weer L207 P2Z07 L2OW RZ Og. 1207 
Eo 1409 1233 1455 1335 1508 
2001 1585 1167 1704 1406 1816 
2011 Vio 1041 2060 1471 2136 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN = 2d.—) ST, LAWRENCE ORUVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198 1 1207 x2 O17, 1207 L207 L207 
199) 1409 p233 1455 L335 £501 
2004 1585 P67. 1704 1406 L826 
2011 17.95 1041 2060 1471 2136 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN G21 7 (St. LAWRENCE, RIVER (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198i 181 Pst 181 1s! 181 
Pao 187 tens 198 179 196 
2001 204 p53 239 190 228 
20401 Pe eke) Pee) 200 2602 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991" 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


SUMMARY OF WATER 
-— NORTH SHORE ¢& 


BASIN 22 


SCEN.1 


SCEN.2 


8 
22 


394 


INTAKE B 


GASPE 


SCEN,.3 


8 
22 


A=-237 


Y SCENARIO AND 


(MCM/YEAR) 


SCEN.4 SCEN.5 


8 
ez 


YEAR, 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND TEARS USS T= 20 tl. 
BASIN<22. =9NORTH SHORE. 6 §GASPE (MCM/YEAR) 


SECTOR/.VR “VSCEN.] SCEN.2 SCEN. 3 SCEN.4 SCEN.5 


1981 
Agricul 8 8 8 8 8 
Mineral 204 204 204 204 204 
Manufact 913 913 913 913 913 
Power 6) 0 0 0) 0) 
Municipal 104 104 104 104 104 
Mota 1229 1229 1229 1229 1229 
1991 
Agricul 9 8 9 9 10 
Mineral 264 244 DB: 247 293 
Manufact LS 2 94) 1098 1079 LIS 
Power 0) 6) 0) 0) 6) 
Municipal P22 LO 7 126 116 130 
lonteaull nS yle2 1299 1464 ASS II L583 
2001 
Agricul 11 i | 10 13 
Mineral oye 296 294 324 409 
Manufact ik Sito 3 911 LAS I Weel Sy ONG; 
Power 0) 0) 6) ¢) 6) 
Municipal Loy, 101 147 P22 158 
oO tau 1866 ewes ees 1666 2080 
ZO nel 
Agricul 13 6 13 a 16 
Mineral 476 3)5) 1 382 398 S27, 
Manufact 1667 785 1619 VD S' 1844 
Power 6) 0 0) 0 0) 
Municipal 156 90 le / a7, e257; 186 
Teoitavl! ZeSplel | 233} 2191 1859 PASS 7} 3" 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


SECTOR/YR_ SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN.5 


198] 
Agricul 8 8 8 8 8 
Mineral 10 10 10 10 10 
Manufact 6 6 6 6 6 
Power 0) @) @) 0 0 
Municipal 16 16 16 16 16 
Total 39 39 39 39 39 
1991, 
Agricul 9 fi 9 9 10 
Mineral es 12 12. les 15 
Manufact ii 6 7. 7 if 
Power 0) ) 6) ¢) 0) 
Municipal 15 13 16 15 16 
Total 45 39 44 43 48 
2001 
Agricul Wi 7 Lal 10 12 
Mineral 18 15 15 16 72 Al 
Manufact 9 6 9 8 10 
Power 6) 0) @) 6) ) 
Municipal 17 13 19 16 19 
Tetal 54 40 53 50 62 
BOW]. 
Agricul is" 6 ils! ih al eS 
Mineral 24 18 19 20 PF f 
Manufact iat 5 10 8 2 
Power 0) 0 0) @) 0 
Municipal 19 ll 24 16 22 
Eo tad 66 40 66 56 1 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND VEARG 89 SAS2 01 I 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 8 8 8 8 8 
1991 9 8 9 9 10 
2001 Ll 7 ie 10 Pe 
2011 13 6 Lo ist 16 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1961 8 8 8 8 8 
Ho Od 9 8 9 9 10 
2001 ll 7 sth 10 318) 
2011 ile) 6 ys] Ae] 16 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1931-2010 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
E'S} 8 8 8 8 8 
ee de al 9 7 9 ) 10 
2001 ah 7 a 10 2 
pa | 13 6 3 11 (Ts) 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN -22 = NORTH SHORE) 6 GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
LOSit a2 22 Ze 22 oe 
P99) 28 pale) V3) 27 SH 
2001 38 hee 32 35 44 
ZO 1) Bal 38 41 43 57 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-201 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 204 204 204 204 204 
1991 264 244 232 . 247 293 
2001 354 296 294 324 409 
20.11 476 3511 382 398 S77 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201. 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
emo k 10 10 10 10 10 
1991 iS fi ez 13 5 ie 
2001 18 i) ie! 16 oa 
2011 24 18 19 20 re | 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 301 301 301 301 301 
199] 369 a2 365 356 382 
2001 455 302 448 409 500 
2011 562 260 a8 455 617 


SUMMARY OF MANUFACTURING GROSS WATER USE By SCENARIO AND YEAR, 1981-201] 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] « o15 913 91.3 713 dN es 
1991 8 OG 941 1098 1079 1150 
2001 1363 ee 33) P2i4 1500 
2011 1667 785 LG E323 1844 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-2011 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 6 6 6 6 6 
ES 7 6 is 7 7 
2001 9 6 9 8 10 
2011 A 5 10 8 12 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0) 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 22 - NORTH SHORE & GASPE (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199] 0 0 0 0 0) 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


}UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199} 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Post 104 104 104 104 104 
91 Laz £07 126 LEG 130 
2001 137 101 147 J Pd 158 
2011 156 90 1/7 Liz? 186 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.S5 
1981 104 104 104 104 104 
Poul WM 107 126 116 130 
2001 bse 101 147 122 LOS 
20) t56 90 P77 L272 186 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 22 - NORTH SHORE & GASPE (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN. 3 SCEN.4 SCEN.5 
1981 16 16 16 16 16 
1991 iS 13 16 LS 16 
2001 Ly ies) 1) 16 ig 
20 HS) acl 24 16 Ze 
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REMNORY OR WATER EXTQKY. BY) SCENARIO AND YEAR, 1981-2011 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul lig 12 12 12 Le 
Mineral 85 85 85 85 85 
Manufact 643 643 643 643 643 
Power 1837 1837 1837 1837 1837 
Municipal 307 307 307 307 307 
Total 2884 2884 2884 2884 2884 
399}, 
Agricul 14 12 14 id 16 
Mineral 114 ro5 114 o7 133 
Manufact 759 644 Tid 74) 783 
Power 23519 2138 2569 2160 2473 
Municipal 369 323 383 350 390 
Total 3575 S222 3853 3362 3795 
2001 
Agricul 17 ia 17 15 20 
Mineral WS 7) iL splh 1516 147 iMMey 2 
Manufact 925 629 969 835 1024 
Power 2951 2464 3476 2607 3250 
Municipal 399 294 434 S597 445 
Total 4449 3529 5052 4030 4902 
2011 
Agricul 20 9 20) 16 24 
Mineral 218 161 216 202 191 
Manufact Li3s be Ns fe 1225 923 1285 
Power 3778 2. 4768 S072 3937 
Municipal 425 252 wig, 366 492 
Total 5584 3764 6749 4579 5929 
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Municipal 
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Agricul 
Mineral 
Manufact 
Power 
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WoNjeal 
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Agricul 
Mineral 
Manufact 
Power 
Municipal 


Oe al 


Orel 
Agricul 
Mineral 
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Power 
Muniei pal 


To trav 


SUMMARY OF GROSS WATER USE BY SCENARIO AND 


ATLANTIC REGION 
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7123 


(MCM/YEAR) 
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2 12 
648 648 
1045 1045 
1837 1837 
307 307 
3849 3849 
2 14 
774 832 
1054 1276 
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323 383 
4298 5070 
bl Wi 
980 1163 
1031 1604 
2464 3476 
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4780 6695 
9 20 
Li 1631 
915 2060 
2787 4768 
252 517. 
5178 8995 


VEARS 198 1=2011 , 


SCEN.4 SCEN.5 


12 
648 
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307 


3849 


13 
et 
1200 
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648 
1045 
1837 
307 


3849 
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1287 
2473 
390 


3139 


20 
1194 
1691 
3250 

445 


6601 
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1411 
2136 
3937, 

492 
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SUMMARY OF CONSUMPTIVE WATER USE By SCENARIO AND YEAR, 1981-20))] 
ATLANTIC REGION (MCM/YEAR) 


SECTOR/YR_ SCEN.] SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 12 12 Be lZ 12 
Mineral 8 8 8 8 8 
Manufact 38 33 33 33 33 
Power 4] 4] 4] 4] 4] 
Municipal 46 46 46 46 46 
Total 139 139 139 139 i, S3C) 
1991, 
Agricul 14 12 14 V3 16 
Mineral ital 10 ll 9 2 
Manufact 38 32 38 By, 38 
Power sil 47 i 48 55 
Municipal 55 48 58 52 58 
Total 169 50 a7, 160 179 
2001 
Agricul ys ee ery 1S 20 
Mineral iS: 12 IES 14 165 
Manufact 45 31 47 42 49 
Power 65 55 W if 59 WD 
Municipal 67 44 OS 5S 67 
TOt ad 209 1513 ING, 183 223 
ZAC T 
Agricul 20 9 20 16 24 
Mineral P25 | 1S 20 19 18 
Manufact 54 26 Si 45 61 
Power 84 62 106 68 87 
Municipal 65 38 78 55 74 
Total 244 Thsyal 281 203 263 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ATLANTIC REGION 
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SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 


ATLANTIC REGION 
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SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 


ATLANTIC REGION 


YEAR 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY § 
ATLANTIC REGION 


YEAR 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY 
ATLANTIC REGION 
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CENARIO AND YEAR, 
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SCENARIO AND YEAR, 
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SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE 


ATLANTIC REGION 
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974 
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BY SCENARIO AND YEAR, 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201) 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5S 
1981 643 643 643 643 643 
1991 759 644 ta AF 741 783 
2001 925 629 969 835 1024 
2011 1133 335 i229 923 1285 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ATLANTIC REGION (MCM/YEAR) 


YEAR , SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1045 1045 1045 1045 1045 
139% 1240 1054 ¥276 1200 1287 
2001 1510 1031 1604 1344 1691 
2011 1848 215 2060 1480 27136 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-201] 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 i 33 33 33 33 
Fo7} 38 2 38 = 38 
2001 45 ce. 47 42 49 
2011 54 26 by 45 61 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1837 1837 1337 1837 1837 
1991 2319 2138 2565 2160 2473 
2001 2953 2464 3476 PAS Br 3250 
2011 3778 ZI 87 4768 3072 3937 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 1837 1837 18.37 1837 1837 
199] 2319 2138 2565 2160 2473 
2001 2951 2464 3476 2677 3250 
2011 3778 2787 4768 3072 3937 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN,3 SCEN.4 SCEN.5 
1981 41 41 4] 4] 41 
1991 51 47 oF i 48 oe 
2001 65 55 re | ao T2 
2011 84 62 106 68 87 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 


ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
POS. 307 BOF 307, 
L991 569 S25 383 
2001 ayieks) 280 434 
2040 435 aoe Sty) 


SUMMARY OF MUNICIPAL GROSS WATER USE 
ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
en 307 307 307 
4998) Biers} yas) 383 
2001 o09 294 434 
2011 435 Zoe S17 


SCEN.4 SCEN.5 
307 
350 
ery 
366 


30% 
390 
445 


492 


LISt=2011 


BY SCENARIO AND YEAR, 1981-2011 


SCEN.4 SCEN.5 
307 
350 
S57 
366 


307 
390 
445 
492 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 2 2954=2 0/14 


ATLANTIC REGION (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 
elem! 46 46 46 
1991 ae 48 58 
2001 60 44 65 
2044 65 38 78 


SCEN.4 SCEN.5 
46 
52 
2 
32 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota | 


199] 
Agricul’ 
Mineral 
Manufact 
Power 
Municipal 


Total 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Lota 


2011 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


total 


SUMMARY OF yw 


BASIN 23 


SCEN.1 


SCEN.2 


ATER INTAKE BY 
= ST.) JOHN ¢ ors 


CROIX 


SCEN, 3 
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SCENARIO AND 


(MCM/YEAR) 


SCEN.4 SCEN.5 


YEAR, 


1981-201] 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR,1981-2011, 
BASIN \2Or="ST." JOHN G& SIT. CROIX “(MCM/YEAR) 


SECTORV/YR" SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 


1981 
Agricul 2 2 2 2 Z 
Mineral 0 0 0 0 0 
Manufact 246 246 246 246 246 
Power 635 635 6:35 635 635 
Municipal walsh le Bi Le} etal 
Total 995 995 995 995 995 
1991 
Agricul 2 2 2 2 2 
Mineral 6) 6) 0) 0 1 
Manufact 298 254 a ee! ZB a7 
Power 802 740 887 747 856 
Municipal 136 119 141 128 145 
Tota? 1239 Pos 1344 PrS9 S79 
2001 
Agricul 3 2 3 Z 3 
Mineral il 1 1 1 1 
Manufact 364 250 407 Sie? 424 
Power 1021 S55 L203 926 L224 
Municipal 148 109 rs9 130 167 
ota £5 36 Lee iy fee ea e2 Ney Re) 
Z0 11 
1A ah hy ot yk 3 1 3 2 4 
Mineral 1 1 1 1 1 
Manufact 446 225 549 341 538 
Power 1307 964 1649 1063 1362 
Municipal ré6k «94 188 SS LSS 
Total 1919 1285 2390 1541 2090 


A=2o0 


SUMMARY OF CONSUMPTIVE WATER USE py SCENARIO AND YEAR, 1981-20)] 
BASIN 23 - ST. JOHN & als “ROLE (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN, 3 SCEN.4 SCEN.5 


198) 
Agricul 2 2 2 vs 2 
Mineral 6) 0 0 0) 0) 
Manufact 7 7 7 7 7 
Power 29 29 29 29 29 
Municipal 1? 107, 17 ity ley, 
Total 54 54 54 54 54 

199] 

Agricul 2 2 2 2 2 
Mineral 0 0) 0) 0 0 
Manufact 8 7 9 8 9 
Power 36 353 40 34 39 
Municipal 20 18 Dol 19 22 
Total 67 60 Tee. 63 Jal 

2001 
Agricul 3 2 3 Z | 
Minera] O 6) ) 0 6) 
Manufact 10 7 al 9 ll 
Power 46 39 54 42 Dl 
Municipal 22 16 24 20 25 
Total 81 6 3 92 ae. 90 

ZO Y 
Agricul 3 1 3 2 4 
Mineral 0) @) 0) 6) ) 
Manufact 12 6 14 10 14 
Power 59 44 75 48 62 
Municipal 24 14 28 20 28 
Total 98 65 120 80 107 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN, 23: =“S 0.0 JOHN > ST CROIX (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 Z 2 2 Zz Z 
L990 Z 2 2 2 2 
2001 a 2 z | 2 3 
20 TA) 3 1 3 2 4 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN, 23) —=—"ST. JOHN § ST. CROTX (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 Z 2 2 2 Z 
9.951 2 Zz 2 2 2 
2001 5) 2 8) 2 2 
2011 3 1 =) Z 4 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN (23 ="(Site JOHN 9& ST. (CROTY (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 2 2 2 2 P4 
1991 rs 2 Ys Z 2 
2001 3 2 ) 2 5) 
20 | l 3 2 4 


SUMMARY OF MINERAL’ EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 1981-7011 
BASINI23° =) ST. SOHNE S) ST. CROIX (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19:31 0 0 0 0 0 
199.1 0 0 0 0 0 
2001 0 0 0 0 0 
ene a 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 23 = ST. JOHN & ST. CROIX (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
199d 0 0 0 0 1 
2001 1 1 1 1 x 
20d l l 1 i 1 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN. 23° — "ST. JOHN 6 ST. CROIX (MCM/YEAR) 


YEAR SCEN SI SCEN.2 SCEN.3 SCEN.4 SCEN.5 
te Bes 0 0 0 0 0 
1391 0 0 6) 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0) 0 
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SUMMARY OF 
BASIN 23 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 23 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 23 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 23 - 


YEAR 
1981 
1991 
2001 
2014 


SUMMARY OF 
BASIN 23 - 


YEAR 
1981 
1991 
2001 
2011 


SUMMARY OF 
BASIN 23 =- 


YEAR 
1981 
1991 
2001 
2011 


MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
ST. JOHN & ST. 


SCEN.1 
iso 
149 
179 
215 


MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
sie JOHN & ST. 


SCEN.1 
246 
298 
364 
446 


MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
or. JONN, & ST. 


SCEN.1 


POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 
Siw JOURN & ST. 


SCEN.1 
635 
802 
1021 
Lape 


POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 
Sis: JOHN 6° ST. 


SCEN.1 
635 
802 
1021 
1307 


POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 
Ste JOHN & ST. 


SCEN.1 
29 
36 
46 
59 


CROIX 
SCEN.2 SCEN.3 
1a3 toa 
bat 152 
121 186 
105 Pe 1b) 


(MCM/YEAR) 


| ip. 
jhe 
168 
182 


(MCM/ YEAR) 


246 
261 
Si 
341 


CROIX 
SCEN.2 SCEN.3 
246 246 
254 313 
rides 8 407 
225 549 
CROIX (MCM/YEAR) 
SCEN.2 SCEN.3 
7 a 
7 9 
7 ll 
6 14 


CROIX 
SCEN. 2 SCEN.3 
635 635 
740 887 
853 1203 
964 1649 


CROIX 
SCEN.2 SCEN.3 
635 635 
740 887 
853 rZ05 
964 1649 


CROIX 
SCEN.2 SCEN.3 
29 29 
33 40 
39 54 
44 75 


Cow On 


(MCM/YEAR) 


635 
747 
926 
1063 


(MCM/YEAR) 


635 
747 
a2 
1063 


(MCM/ YEAR) 


29 


SCEN.4 SCEN. 5S 


ta 
148 
190 
235 


SCENSS SCENS 


246 
ig, 
424 
ele he: 


SCEN.4 SCEN.5 


7 
9 
it 
14 


SCEN.4 SCEN.5 


633 
856 
1124 
1362 


SCEN.4 SCEN.5 


635 
856 
1124 
1362 


SCEN.4 SCEN.5 


29 
39 
51 
62 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, LOS 2 OFA 
BASIN 23 — STs JOHN & ST. CROIX (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
Loe vi Te bl | Dil Ws Ea | iiet 
297) 136 Lake) 141 128 145 
2001 148 103 Nee hies P30 167 
2011 161 94 188 133 165 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARTO -ANDUYEAR, 019-8 b=2 01m 
BASIN 23 — STs JOHN & ST... CROIX! (OGMCMAYERED) 


YEAR SCEN.1 SCEN.2 SCEN sO SCEN.4 SCEN.5 
Newer k air Ea we LT i tH ka et 
1S Doe 136 Me) 141 128 145 
2001 148 109 159 130 16:7 
2011 161 94 188 133 185 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR AS98172 0a 
BASIN 23 —- Sie JOHN & ST. CROIX!) "(MCH/YEAR) 


YEAR SCEN.1 S'GE Nis 2 SCEN.3 SCEN.4 SCEN.5 
P9861 yi 7. wv 17 17 
9.9.1 20 18 23 ro Ze 
2001 22 16 24 20 2D 
2011 24 14 28 20 28 
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SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


1991 * 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Bovtal 


2001 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Total 


00 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Dot at 


SUMMARY OF WATER INTAKE BY §S 
- NEW BRUNSWICK COASTAL 


BASIN 24A 


SCEN.1 


5 
ra 
L137 
244 
31 


44] 


SCEN.2 


5 
23 
es 
244 
31 


44] 


SCEN.3 


5 
23 
L3i 
244 
31 


44] 
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CENARIO AND YEAR, 


(MCM/YEAR) 


SCEN.4 SCEN.5 


5 
Z3 
L337 
244 
SB 


44] 


1981-2011 


SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR), 1981-2011, 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


SECTOR/YR —“SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 5 5) 5 5 s) 
Mineral 54 54 54 54 54 
Manufact 343 Sey 3} 343 343 345 
Power 244 244 244 244 244 
Municipal | at = yl St at 
Weyecyl 677 677 677 677 677 
1991 
Agricul 6 5 6 6 7 
Mineral 69 64 69 59 81 
Manufact SVs} I 327 382 390 368 
Power 308 284 340 287 328 
Municipal 37 a2 39 Sib) 38 
Woitael 801 707 836 776 822 
2001 
Agricul 7 5 i 6 8 
Mineral 98 81 97 92 99 
Manufact bys 306 458 A3)2 471 
Power 392 Bia, 461 Sh5V5) fs) jl 
Municipal 40 29 44 36 43 
Nour 991 748 1067 921 1053 
ZO 
AZ TiLeu bl 8 4 8 i 10 
Mineral I BY 101 136 1247 My 7/ 
Manufact 546 PA) 3 S52 470 580 
Power DOW 39/20 633 408 Sys! 
Munied pal 43 7aS 53 By 48 
Total 1236 761 1382 1049 1278 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/ YEAR) 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 5 5 a 5 5 
Mineral 4 4 4 4 4 
Manufact 7 7 yi i 7 
Power 2 12 12 eZ eZ 
Municipal 5 C) 5 5 5 
To pal 33 33 33 SVs 33 
1991 
Agricul 6 5 6 6 i 
Mineral 6 5 6 5 7 
Manufact 8 7 8 8 7 
Power 15 14 d87, 14 16 
Municipal 6 5} 6 5 6 
gl Woy oar Wl 40 36 42 38 42 
2001 
Agricul vi 5 i 6 8 
Mineral 8 7 8 7 8 
Manufact 9 6 9 9 9 
Power 19 16 DS a, we Al 
Municipal 6 4 7 5 7 
Total 49 38 55! 45 54 
20% 1 
Agricul 8 4 8 7 10 
Mineral LE 8 Lal 10 9 
Manufact a 5 hal 10 12 
Power 2 18 Sil 20 26 
Municipal 6 4 8 6 7 
Total 61 39 69 Sy 64 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY 


BASIN 24A - NEW BRUNSWICK COASTAL 


YEAR 


SUMMARY OF AGRICULTURAL GR 


BASIN 24A - NEW BRUNSWICK COASTAL 


YEAR 


SUMMARY OF AGRICULTURAL CONSUMPT 
- NEW BRUNSWICK COASTAL 


1981 
Post 
2001 
ZU) 


1981 
1991 
2001 
eOstrl 


BASIN 244A 


YEAR 


SUMMARY OF MINERAL EXTRACTION WATER I 
BASIN 24A - NEW BRUNSWICK COASTAL 


YEAR 


SUMMARY OF MINERAL EXTRACTION 


BASIN 244A - NEW BRUNSWICK COASTAL 


YEAR 


SUMMARY OF MINERAL EXTR 


193) 
|W Jas 2 
2001 
2011 


Los | 
Loon 
2001 
2011 


1981 
Loo) 
2001 
2011 


BASIN 244A 


YEAR 


P9381 
1991 
2001 
2011 


SCEN.1 


ON DWN 


SCEN.1 


ON DW 


SCEN.1 


ON DWN 


SCEN.1 
23 
30 
42 
59 


SCEN.1 
54 
69 
98 
137 


SCEN 1 


la (8.8) Kopy SSS 


SCEN.2 


NWN 


SCEN.2 


FON 


SCEN. 2 


Onn 


SCEN.2 
23 
28 
EW) 
44 


SCEN.2 
54 
64 
81 
101 


- NEW BRUNSWICK COASTAL 


SCEN.2 


OnNWN S 


SCENARIO AND YEAR, 
(MCM/YEAR) 


SCEN.3 SCEN.4 SCEN.5 


OND WY 


NDD WU 


OMOnNW 


SCEN.3 SCEN.4 SCEN.5 


CONNWN 


NDDWWN 


oO OnNWN 


1 


SCEN.3 SCEN.4 SCEN.5 


ON DWN 


NDDYN 


CrNCee SIG 


SCEN.3 SCEN.4 SCEN.5 


Ze 
30 
42 
59 


29 
26 
40 
BIS) 


GROSS WATER USE 


(MCM/YEAR) 


23 
35 
43 
St 


BY SCENARIO AND YEAR, 


SCEN.3 SCEN.4 SCEN.5 


54 
69 
97 
136 


54 
oe, 
92 
b27 


ACTION CONSUMPTIVE USE 
(MCM/YEAR) 


54 
81 
99 
Lil? 


BY SCENARIO AND YEAR, 


SCEN.3 SCEN.4 SCEN.5 


A=258 


oon & 


1981-2011 


OSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
(MCM/YEAR) 


IVE USE BY SCENARIO AND YEAR, 1981-201] 
(MCM/YEAR) 


NTAKE BY SCENARIO AND YEAR, 1981-2011 
(MCM/YEAR) 


1981-2017 


1981-2011 


SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-201) 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN,.5 
198] ie 13a? i Ws Wie IF I 
199] 134 130 154 156 149 
2001 184 124 186 174 Eo 
2011 £22 107 226 190 238 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR ,)> SCEN, 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 343 343 343 343 343 
199) 381 S22 382 390 368 
2001 455 306 458 432 471 
2011 546 261 I52 470 580 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN,.3 SCEN.4 SCEN.5 
198] 7 7 i 7 7 
199] 8 7 8 8 : 
2001 9 6 9 9 :) 
2011 11 5 11 10 12 


SUMMARY OF POWER GENERATION WATER INTAKE By SCENARIO AND YEAR, 1981-201] 
BASIN 244 - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] 244 244 244 244 244 
1991 308 284 340 267 328 
2001 392 a27 461 sips Pl 431 
2011 502 370 633 408 a24 


SUMMARY OF POWER GENERATION GROSS WATER USE By SCENARIO AND YEAR, 1981-201] 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 244 244 244 244 244 
199} 308 284 340 287 328 
2001 392 a27 461 kB Be 431 
2011 502 220 633 408 523 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-201] 
}ASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


TEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
198] La 12 he 12 12 
199] 15 14 17 14 16 
2001 19 16 23 17 21 
2011 25 18 cB | 20 26 


SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
dekeg Sih a1 at op 31 
le ede 37 2 a9 a5 38 
2001 40 28 44 36 43 
2021 43 29 53 37 48 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24A - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ou 31 31 31 ot 
Weep 57 32 39 oie. 38 
2001 40 29 44 36 43 
ZO0d 1 43 Zo 53 a7 48 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1951-2001 
BASIN 244 - NEW BRUNSWICK COASTAL (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
9S1 5) 5 5 5 ) 
Poot 6 b 6 5 6 
ZOOT 6 4 7 b) 7 
2011 6 4 8 6 i 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


SECTOR/YR_ SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 3 3 3 3 3 
Mineral el a) Ta) Lal ie] 
Manufact 284 284 284 284 284 
Power 874 874 874 874 874 
Municipal 88 88 88 88 88 
Total 1260 1260 1260 1260 1260 
1991 . 
Amr 09d) |” 4 3 4 3 4 
Mineral 18 4 18 16 Zul 
Manufact S510 SiO): Slow, 5) She 381 
Power EVO IR(O)AL 7/ LABS 1:0)27; WAL AS 
Municipal 106 93 ILE 101 ee 
Total 1587 1431 1 7 IS) 1482 1695 
ZOO 
Agricul 4 3 4 4 5 
Mineral 22 18 22 20 eS) 
Manufact 442 299 “7 | 383 S07 
Power 1404 Ile 72 1653 LAH 3 1546 
Municipal 115 85 L275 103 128 
Dota? 1987 ES i/a7, BDU eZ APES 
POM Lal 
Agricul 5 Z z) 4 6 
Mineral 727) 20 27 26 28 
Manufact 552 267 616 3) 644 
Power 1797 S25 2268 1461 1873 
Municipal Pea: i3 149 1o5 142 
Total 25 0:7 1688 3065 2028 2693 


SECTOR/YR 
1981 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


Rowal 


L997) 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


oitsayl 


2001 
Agr icuL 
Mineral 
Manufact 
Power 
Mund eipal 


oO thal 


ZO 
Agricul 
Mineral 
Manufact 
Power 
Municipal 


otea 


SUMMARY OF GROSS WATER USE 
NOVA SCOTIA 


BASIN 24B 
SCEN ..] 


3 
16 
306 
874 
88 


Sh iy 


SCEN.S2 


z | 
16 
356 
874 
88 


Te Ns Wy 


SCEN.3 


) 
16 
356 
874 
88 


D337 
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3 
16 
356 
874 
88 


WEN by) 


BY SCENARIO AND YEAR, 
(MCM/YEAR) 


SCEN.4 SCEN.5 


19S b=20 115 


SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 3 3 3 3 3 
Mineral 1 l l l l 
Manufact 17 iL 7 17 IL H/ 17 
Power 0 ) 0) 0 0 
Municipal 13 BS L3 Bs 13 
Total 3D 35 35 35 3/5 
1991 — 
Agricul 4 3 4 3 4 
Mineral 2 2 2 2 7 
Manufact 20 ls/, 20 20 ZA) 
Power 0 0) O 0 0) 
Municipal 16 14 k/ 5S r7, 
Total 41 35 42 40 43 
2001 
Agricul 4 3 4 4 5 
Mineral 3 7 3 2 3 
Manufact 24 16 24 BD 25 
Power @) @) O 0) O 
Municipal ily rs LS, 1S) 19 
total 48 34 50 43 5 
ZiOwled 
Agricul 5 2 5 4 6 
Mineral 4 3 4 3 3 
Manufact 29 14 29 24 SZ 
Power 0 0) 0 0) 6) 
Municipal 19 ll BY 16 Ao) 
iWon er al 56 30 60 47 62 
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SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2  SCEN.3.. SCEN.&4 SCEN®SS 
1981 3 3 3 3 3 
1991 4 3 4 3 4 
2001 4 3 4 4 5 
2011 5 2 5 4 6 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 3 3 3 3 3 
1991 4 3 4 3 4 
2001 4 3 4 4 5 
20 5 2 5 4 & 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR, I1982=2014 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
eS eal 2 8 3 3 3 
roa) 4 3 4 3 4 
2001 4 3 4 4 2) 
2011 2) 2 5 4 6 


SUMMARY OF MINERAL. EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, L9Si-201)} 
BASIN 24B  —- NOVA SCOTIA -“CMCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19'S) bi 11 1 | a et 
poo 1 18 i 18 16 2.4 
2001 Ze 18 aie 20 a5 
ZO PAGS 20 zy 26 28 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1981-20 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 16 16 16 16 16 
i hoe 2a 25 27 23 at 
2001 33 27 33 29 36 
2014 40 30 40 a9 41 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.F  oSCEN.2 | USCEN 3) SEGCENTOUSCENSS 
1981 l 1 1 1 l 
1991 2 2 2 2 2 
2001 3 2 3 2 3 
2011 4 3 4 3 3 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 284 284 284 284 284 
1991 320 302 367 334 381 
2001 442 299 471 Jo 507 
2011 s fe 267 616 431 644 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, «1 Sal-20t) 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR * SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 356 35:6 356 356 356 
hel 445 378 462 415 479 
2001 S32 376 593 473 640 
2011 688 ce He 778 530 815 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1961=>20%9 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN..5 
1981 1 bd IV I? 17 
1391 20 Ne 20 20 20 
2001 24 16 24 22 25 
2011 29 14 ra!) 24 32 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN. 2 SCEN.3 SCEN.4 SCEN.5 
1981 874 874 874 874 874 
isi 1103 LO? 1220 LO27 Lbs 6 
2001 1404 A Be de 1653 b2g3 1546 
2011 1797 1325 2268 1461 LS es 


SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 874 874 874 874 874 
1991 1103 LoL? peru 7 AG27 1176 
2001 1404 ID We ae 1653 Leis 1546 
2011 1737 L325 2268 1461 1873 


SUMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN,.3 SCEN.4 SCEN.5 
1981 0 0) 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0) 
2011 0 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 88 88 88 88 88 
roo 106 93 110 LOg Li 
2001 HES) 81 2) 103 izes 
2011 bes 713 149 105 142 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEARS) 198.12=2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 88 88 88 88 88 
Poot 106 93 110 LOt Lr2 
2001 pas) 85 bz 163 Uzs 
2011 P22 (he: E49 LOS 142 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24B - NOVA SCOTIA (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 13 Es 13 13 Nes 
19/971 16 14 Le PS Le 
2001 Ly 1) 19 iS 19 
2/011 9 11 Za 16 Zi 
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SUMMARY OF WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


SECTOR/YR  SCEN. 1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0 0 0 
Mineral 6) 0 0) ¢) 6) 
Manufact ¢) @) 0 0) 0 
Power 0 0 0) @) 6) 
Municipal 1 1 1 ] l 
Total l il l l 1 
199] 
Agricul 1 l 1 1 1 
Mineral 0 0) 0) 0 0 
Manufact 0) 0 0) 0 6) 
Power ¢) 6) 0 ¢) ) 
Municipal 1 1 1 1 1 
Total 2 1 2 2 2 
2001 
Agricul 1 0 1 ] 1 
Mineral 0) 0 0) @) 0 
Manufact @) ¢) 0 0) 0 
Power O @) 0) 0) 0 
Municipal 1 1 l 1 l 
fo tal 2 l 2 2 2 
2011 
Agricul 1 0 1 1 1 
Mineral 0) 0) 0) 0 0) 
Manufact O 0) 0) 0) l 
Power 0) 0 0 ) 6) 
Municipal l ] 1 1 1 
fotal 2 l 2 2 3 
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SUMMARY OF GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011, 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


SECTOR/YR  SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0 0 0 
Mineral ¢) 0 0) 0) 0) 
Manufact 0 0) 0 6) 6) 
Power 6) 6) @) 0) 0 
Municipal 1 1 1 1 1 
Total 1 1 i l 1 
199] 
Agricul 1 1 1 if 1 
Mineral 0) 0 6) 0 0 
Manufact @) ¢) 0 0) 0 
Power 0 O 0) 0) 0) 
Municipal 1 1 1 1 1 
stove etal 2 2 2 2 2) 
2001 
ASTACU). 1 ) I 1 1 
Mineral @) ) 0) @) 0 
Manufact 6) 0) 0) ¢) O 
Power 0) Oh: @) @) @) 
Municipal 1 ] 1 1 l 
WOE all 2 1 2 2 2 
POI I 
Agricul 1 0) 1 1 l 
Mineral 0 @) 0) 0) 0) 
Manufact 6) 6) 1 @) l 
Power 0 0) 0) 0) 0) 
Municipal 1 1 1 1 1 
Toiteac! 2 1 22 2 3 
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SUMMARY OF CONSUMPTIVE WATER USE By SCENARIO AND YEAR, 1981-20]] 
BASIN 24c - PRINCE EDWARD ISLAND (MCM/YEAR) 


SECTOR/YR  SCEN,] SCEN.2 SCEN.3 SCEN.4 SCEN.5 


1981 
Agricul 0 0 0 0 0 
Mineral 0 0) 0) 0 0) 
Manufact 0 0 0 0 ) 
Power 0 @) @) 0 6) 
Municipal 6) 0) 6) 0 0 
Total l 1 l | l 
199] 
Agricul l 1 l 1 l 
Mineral 0) 0 0) 0) 0 
Manufact 0) 0 0 0 0) 
Power 0) 6) 0 0 0) 
Municipal O 0 0) 0 0 
Fota l l iI l l 1 
2001 
Agricul 1 0 i 1 1 
Mineral @) 0 0) ¢) 0 
Manufact @) @) 6) O 0) 
Power 6) 6) 6) O O 
Municipal 0 0) 0) 0) 0 
Total l ] 1 l 1 
ZO. T 
Agricul 1 0 i 1 1 
Mineral 6) O 0 ¢) @) 
Manufact 0 0) 0) 0 0) 
Power 0 0 0) 0 0) 
Municipal 0 0 0 0 0 
Total l il l l 1 


SUMMARY OF AGRICULTURAL WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
oo 1 1 1 1 l 1 
2001 1 0 i 1 1 
ZOU 1 0 1 ] 1 


SUMMARY OF AGRICULTURAL GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1961 0 0 0 0 0 
B91 1 1 1 ii 1 
2001 1 0 1 1 1 
ZO 1 0 1 1 ] 


SUMMARY OF AGRICULTURAL CONSUMPTIVE USE BY SCENARIO AND YEAR... 1981-2001 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN. 3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
ea 1 if 1 l 1 
2001 1 0 i 1 1 
2011 l 0 1 ; 1 


SUMMARY OF MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR, 19 3)=201) 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1961 0 0) 0 0 0 
ee 0 0 0 0 0 
2001 0 0) 0 0 0 
2004 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 1987-208 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0) 0 0 
eT 0 0 0 0 0 
2001 0 0 0 0 0 
2014 0 0 0 0 0 


SUMMARY OF MINERAL EXTRACTION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-20m 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
19:3] 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
20 ra 0 0 0 0 0 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/ YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ) 0) 0 0 0 
1991] 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 1 


SUMMARY OF MANUFACTURING GROSS WATER USE BY SCENARIO AND YEAR, 1981-201] 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 ; 0 0 0 0 0 
199] 0 0 0 0 0 
2001 0 0 0 0 0 
20h) 0 0 1 0 ] 


SUMMARY OF MANUFACTURING CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0) 0 0 0 0 


SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-2011 
BASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


TEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


UMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0 0 0 0 
2011 0 0 0 0 0 


UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 24C - PRINCE EDWARD ISLAND (MCM/YEAR) 


EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 0 0 0 0 0 
1991 0 0 0 0 0 
2001 0 0) 0 0) 0 
2011 0 0 0 0 0 
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SUMMARY OF MUNICIPAL WATER INTAKE B 


BASIN 24C - PRINCE EDWARD ISLAND 
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SUMMARY OF CONSUMPTIVE WATER USE BY SCENARIO AND YEAR, 1981-2011 
BASIN 25 - NEWFOUNDLAND (MCM/YEAR) 


SECTOR/YR SCEN.1 SCEN,.2 SCENGS SCEN.4 SCEN.5 
1981 

Agricul 

Mineral 

Manufact 

Power 

Municipal l 


OF OYF Ne 


Total 14 14 14 14 14 
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Power 6) 
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NEWFOUNDLAND=-LABRADOR 
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NEWFOUNDLAND-LABRADOR 


SCEN.1 


OE — — 


MINERAL EXTRACTION WATER INTAKE BY SCENARIO AND YEAR; 
NEWFOUNDLAND-LABRADOR 


SCEN.1 


MINERAL EXTRACTION GROSS WATER USE BY SCENARIO AND YEAR, 
NEWFOUNDLAND=-LABRADOR 


SCEN.1 
ch ars 
739 
1041 
1466 
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SUMMARY OF MANUFACTURING WATER INTAKE BY SCENARIO AND YEAR, 1981-20]] 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN YS SCEN.4 SCEN.5 

1981 81 81 81 81 81 

1991 i 78 93 91 94 

2001 108 76 114 100 Io 

2011 128 67 139 108 147 
SUMMARY OF MANUFACTURING GROSS WATER USE By SCENARIO AND YEAR, 1981-201] 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCENTS SCEN.4 SCEN.5 

1981 84 84 84 84 84 

1991 95 81 97 95 98 

2001 Ei? 79 118 104 125 

201 P33 70 15 aly Pye! 
SUMMARY OF MANUFACTURING CONSUMPTIVE USE By SCENARIO AND YEAR, 1981-201] 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
YEAR SCEN.1 SCENT? SCEN.3 SCEN.4 SCEN.5 

1981 l iI l 1 l 

1991 l 1 l 1 1 

2001 2 l 2 1 2 

2011 2 1 2 2 2 
SUMMARY OF POWER GENERATION WATER INTAKE BY SCENARIO AND YEAR, 1981-201] 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
YEAR SCEN.1 SCEN.2 SCEN.3 SGEN «47 SCEN.5 

1981 84 84 84 84 84 

1991 106 97 Ns 98 113 

2001 134 hy 158 2 148 

2011 172 ie 2h7 140 179 
SUMMARY OF POWER GENERATION GROSS WATER USE BY SCENARIO AND YEAR, 1981-2011 
SASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
TEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.S 

1981 84 84 84 84 84 

1991 106 97 ay? 98 ees 

2001 134 Ghee 158 Lz? 148 

2011 rep 2y/ PHAN 140 179 
UMMARY OF POWER GENERATION CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981-2011 
ASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 
EAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.S 

1981 0 6) 0 0 ) 

1991 0 0 0 0 0 

2001 0 0 0 0 0 

2011 0 0) 6) 6) 0) 
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SUMMARY OF MUNICIPAL WATER INTAKE BY SCENARIO AND WEAR, Ch9St—20 1 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 68 68 68 68 68 
ESO 80 70 84 76 84 
2001 86 61 o> 78 ai 
2011 94 54 his 81 104 


SUMMARY OF MUNICIPAL GROSS WATER USE BY SCENARIO AND YEAR?  1981=2011 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
E984 68 68 68 68 68 
Roan 80 70 84 76 84 
2001 86 63 35 78 35 
2014 94 54 Pi 81 104 


SUMMARY OF MUNICIPAL CONSUMPTIVE USE BY SCENARIO AND YEAR, 1981=2011 
BASIN 25 - NEWFOUNDLAND-LABRADOR (MCM/YEAR) 


YEAR SCEN.1 SCEN.2 SCEN.3 SCEN.4 SCEN.5 
1981 10 10 10 10 10 
L991 We 10 L3 bl 13 
2001 r3 10 14 Ve 14 
2011 14 8 Ly, 12 16 
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Abstract 


This paper reviews selected issues in water use in Canadian agriculture. 
Agriculture is a major consumptive user of water in Canada, and as production 
grows, water consumption may increase significantly - particularly for irriga- 
ted agriculture in the Prairie provinces. Associated with the expansion of 
agriculture across Canada are concerns about resource degradation-soil erosion 
and salinity, flow depletion, water quality deterioration, and adverse impacts 
from drainage. 


Implicit in the recognition of these concerns is that water is no longer 
freely available for use in agriculture. This requires in turn a re-thinking 
of past approaches where governments have been almost universally willing to 
underwrite the majority of costs associated with supplying water for 
agriculture. 


Recognizing that using water in agriculture may impose costs elsewhere in the 
economy does not necessarily mean that use in agriculture should be curtailed, 
however. There needs to be consideration of whether the gains from use in 
agriculture exceed the costs imposed elsewhere. As far as federal participa- 
tion is concerned, it is not clear that this question is being consistently 
asked. 


It should be, and the report recommends application of the federal 
benefit-cost guidelines to projects in which there is federal participation. 
It is also recommended that consistent standards and procedures for federal 
participation in water resources development in Canada be established. 


Résumé 


Ce rapport passe en revue quelques-unes des questions reliées A l'utilisation 
de l'eau pour l'agriculture au Canada. L'agriculture est une importante con- 
sommatrice d'eau au Canada et, la quantité d'eau consommée pourrait augmenter 
de fagon importante 4 mesure que la production croitra; ceci est particuliére- 
ment vrai dans le cas de la culture a partir de terres irriguées dans les 
Prairies. Certaines préoccupations peuvent étre associées A une expansion de 
l’agriculture 4 travers le Canada: dégradation des ressources - érosion et 
augmentation de la salinité des sols, diminution de la quantité d'eau disponi- 
ble, détérioration de la qualité de l'eau et impacts négatifs du drainage des 
terres. 


Le fait que l'eau n'est dorénavant plus disponible gratuitement pour l'utili- 
sation en agriculture est sous-jacent A ces préoccupations. Cette situation 
exige que l'attitude antérieure des gouvernements qui consistait A accepter 
d'absorber la majorité des cofts associés aux projets d'approvisionnement en 
eau pour l'agriculture soit repensée. 


la reconnaissance du fait que L'utilisation de l'eau en agriculture puisse 
résulter en des cots suplémentaires quelques part ailleurs dans 1'économie ne 
Signifie pas nécessairement que les quantités utilisées devraient étre 
réduites. On se doit de vérifier si les bénéfices engendrés par l'utilisation 
de l'eau en agriculture sont supérieurs aux couts imposés ailleurs. Il 
n'apparait pas clairement que cette question soit posée de fagon constante au 
niveau de la participation fédérale. 


Ceci devrait pourtant 6tre le cas et le rapport recommande la mise en applica- 
tion des lignes directrices fédérales de bénéfices-cofits pour les projets 
auxquels le gouvernement fédéral participe. Il est aussi recommandé que des 
normes et procédures consistantes appliquables 4 la participation du gouverne- 
ment fédéral dans le développement des ressources hydriques soient établies. 
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INTRODUCTION 


This report is written in response to the Terms of 
Reference issued by the Inquiry on Federal Water Policy for a 
report on Water and Canadian Agriculture. 


The Terms of Reference ask for a number of specific 
topics to be addressed, including: projections of future 
agricultural use of water; the Capability of agricultural water 
users to pay for water-related services; adverse impacts of 
agricultural expansion on other water uses; documentation and 
Critique of federal policies and programs; and recommended 
changes in federal policies and programs. These tasks follow a 
logical sequence, and the report is organized into five sections 
which correspond to them. 


It has not been possible to respond to the call for 
projections of trends in agriculture with more than very broad 
estimates. This reflects the nature of projections dealing with 
agriculture, which, because of the fragmented nature of the 
industry, are necessarily imprecise. 


There is a concentration on federal water-related 
policies and programs in the Prairie provinces. The authors 
confess, unabashedly, to this "bias". It reflects both the 
geographic focus of federal programs themselves, and the fact 
that it is in the Prairie provinces that the continued 
availability of water for agriculture is an emerging issue. 


The report does not find a clearly defined federal 
policy which focusses on water in agriculture. There is, in 
Environment Canada, a broad policy with respect to water, and, in 
Agriculture Canada, policies dealing directly with agriculture. 
Within each of these are components which deal with water in 
agriculture. In broad terms the policies are consistent. 

Insofar as they endorse the efficient use of resources so that 
Canadians can derive the "greatest social and economic benefit" 
therefrom, there is little to criticize. 


What is identified, however, is a lack of scrutiny to 
ensure that federal actions do serve the broad policy objectives. 
The scope of this study does not extend to the evaluation or 
assessment of specific programs Or proposals, nor to a 
retrospective evaluation of various projects. We are limited, 
therefore, to the observation that without a commitment to 
consistent, rigorous, program and project evaluation there can be 
no assurance that federal activities dealing with water in 
agriculture will in fact contribute to the "greatest social and 
economic benefit" for Canadians. Application of principles that 
have already been enunciated in the federal benefit-cost 
guidelines to programs and projects dealing with water in 
agriculture would do much to ensure both efficiency and 
consistency - which are presently lacking. 


1. AREA AND YIELD PROJECTIONS AND IMPLICATIONS FOR USE OF WATER 


Agriculture is a major water user in Canada. Daily 
withdrawals from surface or ground water reservoirs are estimated 
at 8 billion litres. This is far less than the 37 billion litres 
withdrawn for use in manufacturing or the 54 billion withdrawn 
for thermal power generation. But, unlike these other major 
water users, over 50 percent of the water withdrawn for 
agriculture is consumed, primarily for irrigation and stock 
watering. The result is that in terms of actual consumption of 
water, agriculture ranks higher than any other industry (17). 


Significant changes in the nature or magnitude of the 
agriculture industry could have important implications for water 
resources. In the same context the availability and cost of 
water may have a strong bearing on the future direction of 
agriculture in many areas of Canada. Of particular interest in 
this paper is how anticipated changes in agricultural acreage and 
yields will impact on the water resource, in both a quantitative 
and qualitative context. 


Land Base 


The process of change in Canada's agricultural land base 
is markedly different between what have been described as the 
"agricultural heartlands" of the east and west. In the western 
heartlands, west of the Manitoba-Ontario border, the years 1961 
to 1976 saw an increase of 2.5 million hectares in total 
farmland, and, significantly, a greater increase of 3.7 million 
hectares in improved farmland. During the same period the 
eastern heartlands, primarily in Ontario, recorded a decrease of 
3.9 million hectares in total farmland, and 1.3 million hectares 
in improved farmland (32). 


These trends are expected to continue, with significant 
expansion of the agricultural land base limited largely to the 
Prairie provinces. Projections of changes in the improved area in 
western Canada indicate that it will continue to increase at 
least until 1990, and probably well beyond (1, 8, 14, 23). While 
there are differences of opinion regarding the projections, an 
estimate of approximately 120,000 additional hectares per year is 
probably a reasonable rate of increase to expect to 1990 (8). 


In the Prairie provinces these projected increases do 
not appear to be conditional upon strong market prices. Rather 
the phenomenon has been on-going since at least 1951 and reflects 
the structure of agriculture in those provinces (45). Data for 
Alberta, for example, indicate that relatively strong 
agricultural prices during the early 1970s were correlated with a 
decline in the rate of growth in cultivated area while relatively 
soft prices in the late 1970s were correlated with an increase in 


a 


the rate of growth in cultivated area. 


The annual increase in improved area in the Prairie 
provinces will continue to come largely from three sources, 


conversion of improved pasture to Cropland, drainage of wetlands 
and reduction of summerfallow. 


Converting 10 percent of the improved pasture to crop 
land could increase the Cropped area on the Prairies by roughly 
300,000 hectares (about 1 percent), based on 1981 Census data, 
The on-going drainage of wetlands, however, is the most likely 
source of additional cultivated area. If One assumes that the 
wetland areas on the Prairies are approximately equivalent to 10 
percent of the total cropped area in Size, and that half of this 
area could be economically drained, this would add about 5 
percent, Or 1.2 million hectares, to the 1981 Cropped land base, 
Increasingly, the agricultural policy thrust across Canada is 
ee directed towards getting these wetlands into production 
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The current trend towards summerfallow reduction across 
the Prairies will further increase the Cropped area. One study 
Suggests that summerfallow acreage may decline by 20 percent in 
Alberta, 24 percent in Saskatchewan and 33 percent in Manitoba, 
Over the decade 1981 to 1990 (8). 


Elsewhere in Canada the prospects for Significant 
increases in the improved or cultivated area are not as strong. 
In British Columbia opportunities to expand the agricultural land 
base are limited, and any major new expansions will require 
withdrawals from competing uses (forestry, recreation). 
Government policy has in recent years favored the release of 
Crown land to agriculture, and has included low interest loans 
for land clearing. The efficacy of these policies is currently 
being questioned, however, and in the next decade expansion of 
the cultivated land base is expected to be far below the 16,000 
hectares per year average of the 1961 to 1976 period. 


Ontario experienced a decline of 390,000 hectares of 
improved farmland, 1961 to 1976. On balance this decline is 
expected to continue, although it is expected that some new land 
will be added to the improved category, partially offsetting 
other land that is withdrawn. Drainage of wetlands is likely to 
be the greatest source of new improved farmland in Ontario. Some 
1,200,000 hectares are presently serviced by subsurface drains, 
and one estimate indicates that there are an additonal 1,500,000 
hectares which would benefit from installation of such drains 
(38). 


In Quebec and the Atlantic provinces there was a 
collective reduction of 2.6 million hectares of total farmland, 
1961 to 1976, and a reduction of 955,000 hectares of improved 
farmland. Some abatement in the rate of decline is expected, and 
drainage programs may bring some additional land into production, 
particularly in Nova Scotia (36). Overall, however, expansion in 
the agricultural land base is not forecast for Quebec and the 


Se Daw 


Atlantic provinces (with the exception of some small areas in 
Newfoundland). 


Yield Changes 


Yield projections for both western and eastern Canada 
are optimistic with regard to growth potential (1, 8, 23). 
Overall, the expected average annual yield increase for Western 
Canada is expected to be about 1 percent. This estimate gives 
considerable weight to the yield depressing impacts of expanding 
onto inferior lands, and continued soil degradation (31). Yield 
increases in eastern Canada can be expected to be of the same 
magnitude. 


Yield increases typically arise from several sources, 
the most important being: 


a) Dryland Cultural Practices 


Greater use of fertilizers and agricultural chemicals 
and the adoption of water management strategies (Snow trapping, 
Shelterbelts) are on-going changes which improve crop yields. 
The management aspect in farming is becoming more critical to 
obtaining top yields (through variety selection, timing of 
operations, and related matters). 


b) Genetic Improvements 


Research scientists are involved in developing varieties 
which are more drought resistant, respond better to fertilizer 
and mature more quickly than those currently in use. While the 
importance of genetic improvements to overall yield increases is 
uncertain, recent estimates suggest that they may account for 20 
percent of total yield increases (31). 


c) Irrigation 


A profile of the present extent of irrigation in Canada 
is provided in Table 1.1. Perhaps 5 percent of the farmers in 
Canada have some irrigation; about 1 percent of the improved 
farmland in Canada is irrigated. 


Irrigation in Canada is concentrated in the west, and 
within the west primarily in Alberta. In 1980, nearly 400,000 
hectares were irrigated in Alberta, approximately 100,000 in 
British Columbia, 56,000 in Saskatchewan and 7,000 in Manitoba. 
Elsewhere in Canada there are about 40,000 hectares under 
irrigation in each of Ontario and Quebec. In the Atlantic 
provinces irrigation is much more limited, less than 3,000 
hectares, and frequently resorted to only in very dry years. 


Irrigated yields for any given crop are much higher than 
under dryland conditions, although yields obtained in production 
Still remain far below the potential achieved under experimental 
conditions (29, 39). There is a Significant potential to increase 
the irrigated area in Canada, which would lead to both increased 
yields for some Crops, and in some areas shifts to new crops to 
take advantage of water availability. 


In British Columbia irrigated area is expected to 
continue to grow by some 1,000 hectares per year through to 
about 1995. In the Prairie Provinces there are an estimated 20 
million. hectares in the South Saskatchewan River basin which are 
Suitable for irrigation, .5 million hectares of which might be 
irrigable with conventional irrigation practices and existing 
water supplies in that basin (5). In Alberta in the next two 
decades an increase of 150,000 hectares Over 1982 levels is a 
realistic growth projection. The Alberta Minister of Agriculture 
has recently announced a $150 million, five year, program for 
rehabilitation and expansion of irrigation systems. The long 
term goal of the program is to increase irrigable area by 160,000 
hectares by 1995, 


With the development of the Gardiner Dam in Saskatchewan 
irrigation potential was estimated to be approximately 160,000 
hectares, Although only some 55,000 hectares are currently 
irrigated, projected growth to 1990 is approximately 2,500 
hectares per year (23). In Manitoba the expansion of irrigated 
agriculture is not expected to exceed 250 hectares per year over 
the next decade, from a current base of some 7,000 hectares, 


In Ontario, where 40,000 hectares are presently under 
irrigation, any future increase in irrigated area for major crops 
(corn, soybeans, white beans) is expected to be constrained by 
the availability of water, as well as labor and capital costs 
(38). Prospects for increased irrigation area in Ontario are, 
therefore, modest, and the situation in Quebec is Similar. In the 
Atlantic provinces the expectations regarding irrigated area are 
also modest. Irrigation is expected to continue to be relied on 
during very dry years, and there may be some growth in connection 
with the expansion of horticultural production, 


Overall Output Changes 


There are several projections of increased production 
for the Prairie provinces. One, summarized in Table Lake 
indicates an increase of approximately 9 million tonnes (218%) 
Over 1981 production to just over 50 million tonnes by 1990 (8). 
The major contributors to this increase are expected to be new 
land, 21.3%, reduced fallow, 48.5%, and improved yields, 30.2%. 
Other projections (23) call for production in the three Prairie 
provinces to be between 43 and 49 million tonnes by 1990. Both 
Projections suggest that crop production approaching 50 million 
tonnes may be possible on the Prairies by 1990. 
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Longer term, 1975 - 2000, supply response projections 
for the west by Agriculture Canada for two levels of price 
increases are even more optimistic - an increase of 77% for the 
low price scenario and 100% for the high price scenario C1). . 
Similarly, grain production (to 2000) for eastern Canada has been 
calculated to increase by 117% for the low price scenario, and 
131% for the high price scenario over 1975 levels (1). The 
source of the production increase in the east would be largely 
yield improvements, as opposed to increases in the land base 
which are expected to contribute significantly in the west. 


Implications for Use of Water 


The major implication of the projected changes in 
agricultural output for use of water arises from direct 
withdrawal for irrigation. Other implications include water 
quality, as affected by erosion and siltation, and use of water 
by others which will be affected both by irrigation withdrawals 
and wetland drainage. These latter implications are addressed in 
Section 3 of this report and are touched on only briefly here. 


The impact on regional water use of increasing the area 
under irrigation will depend on factors such as the kind of crops 
grown and average consumptive use (gross diversion less return 
flow). Unit consumptive use, in turn, depends on precipitation 
levels, irrigation operating practices and irrigation 
efficiencies. During the period 1973 to 1978 water use per acre 
in five Alberta irrigation districts ranged from 3,700 to 5,800 
cubic metres per hectare (1.2 to 1.9 acre feet per acre) (4). 


If irrigation efficiencies remain similar in future it 
implies a requirement of about 4,000 cubic metres of water for 
each additional irrigated hectare (1.5 acre feet per acre). With 
some 200,000 hectares of additional irrigation expected on the 
Prairie provinces, this implies a requirement for an additional 
800 million cubic metres (750,000 acre feet) of water annually by — 
about 1995, This is the most concentrated requirement seen across 
the country. The additional irrigation in British Columbia will 
require in the order of 4 million cubic metres per year, from 
diverse sources scattered throughout the province. 


In Ontario and Quebec combined the expansion can be 
expected to require roughly 3 to 4 million cubic metres per year. 
Additional requirements in the Atlantic provinces will be far 
less, probably not even 5 percent of the forecast for Ontario and 
Quebec. 


These requirements are predicated on maintaining present 
water use efficiencies. Between 1961 and 1978 effective 
irrigation water use efficiencies in the Alberta portion of the 
Saskatchewan- Nelson River basin were estimated to be between 47 
and 63 percent in every year except 1966. Any improvement that 
can be achieved in irrigation efficiencies implies lower water 
losses and more area irrigated per unit of water delivered. To 
the extent that water management can be improved, irrigated areas 
can actually increase with no increase in the volume of water 


diverted for irrigation purposes, Because of the potential for 
Such increases, the above estimates Should be regarded as upper 
limit water requirements for expanded irrigated area, 


Projections of increased agricultural production through 
expansion of the land base have focussed concern on the resource 
degradation issue. New lands tend to be more Marginal, for one 
reason Or another, and subject to greater risk even with the 
application of modern farming techniques. Greater on-farm water 
erosion will in all likelihood be associated with expansion of 
the land base, with consequent adverse impacts on water quality. 
Offsetting or dampening this impact, the current direction of 
dryland: cultural technologies will improve on-farm water 
management, and the anticipated reduction in Summer fallow will 
reduce water erosion problems (as well as secondary soil 
Salinity). 


The availability of water to be used by others will be 
directly affected by irrigation withdrawals, and also by draining 
and consolidation of wetlands. Increased agricultural use of 
wetlands will impact directly on water use through; 


- drainage, which will reduce the number and area of 
Surface water bodies, thereby augmenting streamflows and 
decreasing groundwater levels, 


- intensifying the conflicts over the use of remaining 
water resources, 


Composite projections for agricultural water use to the 
year 2011, by drainage basin, in terms of both withdrawals and 
consumption, are provided in Table 1.3. These projections 
Suggest "more of the same", Already regionally concentrated 
water demands for agriculture are generally expected to become 
even more concentrated. 


Finally, it should be noted that the implications traced 
above assume that the future will reflect the past. In 
particular, it is generally assumed in making agricultural 
projections that the market price for water (to agricultural 
Producers) will continue to be near-zero. In contrast, implicit 
real price changes for land, fertilizer, and other inputs are 
considered in these projections. This effectively means that the 
technological evolution envisaged has a strong bias in favor of 
irrigation-intensive options. 


Under different price or policy assumptions regarding 
the supply of water for use in agriculture, it is reasonable to 
expect that output can be increased with a much less than 
Proportional increase in the use of water. Indeed it is 
conceivable that the output projections could be realized with 
little or no change in water demand - through better use and 
Managment of available precipitation, crop expansion and 
intensification excluding irrigation expansion, 
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Table 1.2 


TOTAL POTENTIAL PRODUCTION INCREASE 
IN THE PRAIRI= PROVINCES TO 1990 


Production 1981 Increase 
Crop (,000. tonnes) ,000 Tonnes Percent 


——_—_—_——————— eee 


Crop: 
Wheat Ae i Stee) Ce we IS) je ape 
Oats ESAS) 185.00 ce hg 
Barley 2,628 Spe Ol at ies 
Flaxseed 468 L317 4c ae 
Canola 1,814 548.0 SU ee 
TOTAL 4l,2/4 Sys ao P28 ge 


Basic Source: (8) 


TABLE 1.3 


AGRICULTURAL* WATER USE, 1981 and 2011 PROJECTIONS 
(millions of cubic metres) 


NNN 


Drainage Basin Withdrawals Consumption 
Wel 201l low “2011 high 1981)" 2011 Tow 201k high 


a a eae 


1.Pacific Coastal -— -— == aot mee = 


2.Fraser-Lower Mnld. 258 214 543 144 120 304 
3.Okanagan-Similk. 254 300 681 142 L22 307 
4.Columbia Sa Pag 70 18 LS 39 
5. Yukon -- aad a —— = — 
6.Peace-Athabasca — == = cles = —— — 
7.Mackenzie os -— sn = -—- -- 
8.Arctic Coastal —— soe =< —— —— —— 
9.Milk 46 43 108 38 34 88 
10.N. Saskatchewan 94 86 220 76 70 178 
11.S. Saskatchewan 1963 1804 4586 1586 1457 3704 
12.Assiniboine—Red 188 E72 440 152 139 355 
13.Winnipeg 1 Teel ». ui i 2 
14.Lower Sask.-Nelson 28 26 65 22 PAN 3) 
15.Churchill zr cas ae —— —— -- 


16.Keewatin — — — a re mee 
17.Northern Ontario -- — ae = es a 
18.Northern Québec — oe — a Zook ee 


19.Great Lakes 129 HS) Pa ge 107 90 230 
20.Ottawa 28° 23 ay, 24 20 eae 
21.St. Lawrence 65 5D 132 64 Se 130 
22.North Shore & Gaspé 8 6 16 8 6 15 
23.St. John-St. Croix 2 Li 4 2 1 4 
24.Maritime Coastal 8 6 a7 8 6 IY) 
25.Newfoundland if Lu 2 1 1 2 


* Includes irrigation and stockwatering 
Source: Adapted from D. Tate, Alternative Forecasts of Canadian Water Use, 


1981-2011, forthcoming Research Paper for Inquiry on Federal Water 
Policy, Ottawa 1985. 


- 10 - 


2. CAPABILITY OF AGRICULTURAL PRODUCERS TO PAY FOR WATER- 
RELATED SERVICES [ON-FARM ECONOMIC BENEFITS] 


This section of the report addresses the component of 
the Terms of Reference which calls for analysis of ".... the 
capability of agricultural producers to pay for water-related 
services (e.g. irrigation, drainage projects) in relation to 
other water users." In so doing it deals first with the 
capability of agricultural producers to pay for water-related 
services, a capability which is defined to derive from, or be 
equated with, the net on-farm economic benefits. from those 
services. Following that there is a brief review of how that 
Capability relates to other users of the water resource, and 
finally a discussion of the prevailing practices in charging for 
water-related services, 


Capability to Pay [On-Farm Economic Benefits] 


The phrase "capability to pay" is customarily used in 
discussions of public finance to refer to the wealth or income of 
taxpayers. In this report, however, a more stringent definition 
has been adopted. We are not interested in the absolute wealth 
Or income of farmers, but in the net economic gains (or income) 
which they derive from water-related services. This provides 
what we believe to be a more relevant measure for the purposes 
of the Inquiry, and for addressing the balance of this component 
of the terms of reference "... in relation to other water users." 


Irrigation and drainage services will contribute to on- 
farm economic gains in a variety of ways. In the case of 
irrigation, gains may arise from intensification, diversification 
and enhanced income stability. Crop intensification can be 
dramatic, and in areas where supplemental moisture has a 
relatively high payoff yields can be increased by factors of from 
2 to 10, depending on the crop. Diversification opportunities 
are also important. With irrigation farmers can, by growing a 
wider variety of crops and in some cases by integrating livestock 
production and feed production, reduce the variability of their 
incomes. Finally, because moisture levels can be managed through 
irrigation, production levels are less volatile and incomes are 
further stabilized. 


"The drought of 1980 is a prime example of 
the value of irrigation when livestock oper- 
ations in Saskatchewan had to rely to a large 
degree on Alberta produced forage to maintain 
dairy and breeding herds. The benefit of 
irrigation during periods of drought is but 
one factor that has been neglected in deter- 
mining the viability of Canadian irrigation 
projects." (17) 
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Through often complex interactions, forces such as those 
identified above increase the net income or economic gains which 
farmers may realize from the use of their land. In the case of 
irrigation it is generally anticipated that there will be an 
increase in gross annual incomes, from greater yields or froma 
shift to new and more valuable crops. When all of the costs 
incurred in order to generate the increases in gross income are 
deducted, the balance or incremental net economic gain represents 
the contribution of the irrigation water to income. If the full 
costs of labor and all other inputs are deducted in calculating 
this residual, it also represents the amount that could be paid 
for the irrigation water - the farmer's “capability to pay" as 
defined for this paper. 


In the case of drainage services provided to land the 
analysis would follow the same principles, with the net economic 
gain or "capability to pay" deriving from the net contribution of 
the drainage service to annual income. 


The net economic gains realized by landowners, or 
on-farm economic benefits, from irrigation have been examined in 
numerous studies. Two approaches are favoured: an "accounting" 
approach in which costs and returns are estimated on the basis of 
accepted production standards; and a land value approach where 
inferences about the net gains realized by landowners are drawn 
from comparison of the market values (selling prices or annual 
rents) of irrigated and non-irrigated land. 


The estimates derived from the "accounting" approach are 
sensitive to variations in assumed product prices and yields, and 
are both crop and site specific. Despite this, over fairly wide 
areas the estimates correspond reasonably well, and are actually 
guite consistent for individual crops. Estimates of the maximum 
long-term economic value of water for agricultural purposes in 
southern Alberta suggest an average value of from $100 per 
hectare ($40 per acre) to $210 per hectare ($84 per acre). For 
some individual crops (corn silage, sugar beets, potatoes), 
however, the values are estimated to be from $375 to $850 per 
hectare ($150 to $340 per acre) (28). 


A recent United States study suggested that the absolute 
maximum ability to pay for water would be around $120 per 
acre-foot ($300 per hectare for crops requiring one acre foot of 
water). This is above the average for southern Alberta, but is 
not inconsistent with the estimates for some of the higher valued 
erops:. (22)« 


As discussed subsequently, it has not been the practice 
in Canada to base the charges for irrigation or drainage services 
on the contribution which they make to the primary producer's net 
income. To the extent that the charges for such services are 
less than their contribution to net income, the net gain realized 
by the landowner will rise. The market for farm land effectively 
translates this increase in the residual return into either 
higher annual rentals or higher land prices. By looking at land 
prices and rental rates, the "land value" approach draws 


as em 


inferences about the value of irrigation (more Specifically, 
about that part of the value of irrigation that is not captured 
in charges for the water). 


Some evidence that is directly applicable to this 
approach can be found in the PFRA Submission to this Inquiry (42) 
which states that dryland around Outlook, Saskatchewan may sell 
for $1,235 per hectare, with irrigable land selling for $1,850 
per hectare ($500 and $750 per acre, respectively). Other things 
being equal, this difference of some $615 per hectare ($250 per 
acre) in the selling price of irrigated versus dryland will 
reflect the capitalized value of the water's net annual 
contribution to income - over and above what is charged for the 
water, These figures are reasonably comparable to those in an 
earlier study (28) which found a difference of $535 per hectare 
($214 per acre) between the selling price of irrigated land and 
dryland in southern Alberta. 


The Alberta study suggested that if farmers were using a 
discount rate of 5 per cent in capitalizing their net annual 
economic gains (in excess of what they pay for water fees) from 
irrigation, the average annual value was in the order of $27.50 
per hectare ($11 per acre). Adding to this the annual per 
hectare water fees in the Irrigation Districts of roughly $14 
($5.50 per acre), indicates that the total contribution of 
irrigation water to income (the net economic gain) was in the 
Order of $42 per hectare ($16.50 per acre). It is notable that 
the water fees only captured about one-third of this value, with 
the rest being capitalized into land values. 


A similar calculation can be performed with the data for 
the Outlook area of Saskatchewan, referred to above. Here the 
difference in the selling price of irrigated versus non-irrigated 
land, $615 per hectare, would reflect an annual value to the 
farmer (in excess of water fees) of $31 per hectare ($12.50 per 
acre). Farmers in six PFRA projects in Saskatchewan pay Sli .25 
per hectare ($4.50 per acre) per year for full irrigation 
services (storage, conveyance and distribution). If those rates 
are applicable in the Outlook area, it Suggests that the total 
contribution of irrigation water to annual incomes is, as in 
Alberta, about $42 per hectare ($16.50 per acre). In this case, 
however, it appears that only about One-quarter of the annual 
value is captured in the water fees, with three-quarters being 
Capitalized into land values. 


Finally, estimates of the contribution of water to 
incomes can also be obtained by looking at the difference in 
annual rents paid for irrigated versus non- irrigated land. In 
southern Alberta dryland is said to rent for $62 to $100 per 
hectare, while irrigated land rents for $148 to $200 per hectare 
(42). Other things being equal, the differences, $80 to $100 per 
hectare ($32 to $40 per acre), can be taken as a reflection of 
the annual net contribution of irrigation water to income - over 
and above what is actually paid for the water. 
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The estimates based on annual rentals indicate a 
significantly larger contribution to income than those derived 
from the selling price of land. These may provide a more 
accurate measure of the annual value of irrigation water, insofar 
as rental rates are directly observable and this approach 
requires fewer assumptions about the economic behaviour of 
farmers. (One factor alone, the discount rate that is assumed to 
be used by farmers in determining land values, can have a marked 
effect on the analysis which works back from differences in the 
selling price of land.). On the other hand, the differences 
between the two approaches which are noted here may simply 
reflect that the observations on which they are based were not 
derived through a rigorous selection process, and that the areas 
to which they refer may not be truly "comparable" 


The reader is cautioned against imputing too much 
precision to these estimates. The more important points are that 
irrigation water does make a fairly substantial contribution to 
net annual incomes (on-farm net gains or economic benefits), and 
that those who supply the water capture only a fraction 
(One-quarter to one-third) of that value in the water fees. 


The situation with respect to irrigation water is 
believed to be similar throughout the rest of Canada. Irrigation 
water will make a positive contribution to net annual income, 
with the magnitude of the contribution varying markedly with the 
type of crop being grown, location, soil, and other factors. It 
is also the case that, as in the examples cited above for Alberta 
and Saskatchewan, the charges which are levied for irrigation 
water generally capture only a portion of its value, as measured 
by its contribution to net income. 


Of fundamental importance in this discussion of the 
value of water in irrigation is that the figures which have been 
examined relate only to the benefits accruing to landowners, in 
excess Of their on-farm costs (on-farm economic benefits). It 
cannot be inferred from these data that there is any overall net 
economic gain, viewed, from a province or nation-wide perspective, 
from irrigation. That depends on the relationship between the 
off-farm costs of supplying irrigation water - which are borne 
almost exclusively by governments - and the net gains to farmers. 
In subsequent discussion, which reviews pricing policy for 
irrigation, several references are introduced which indicate that 
the total gains in agricultural production fall far short of the 
costs of supplying irrigation water. 


Circumstances are much the same for drainage services, 
which can greatly increase agricultural productivity and income 
(38). We do not have any estimates of the annual contribution of 
drainage to net incomes, which would in any event tend to be 
somewhat more site-specific than those for irrigation. As 
discussed subsequently, charges levied for drainage services do 
not appear to be based on the contribution to income, 


Capability to Pay Relative to Other Users 


Agricultural producers generally do not have the same 
capacity to pay for water as many other users, as indicated by a 
comparison of the value of water in alternative uses. In both 
agriculture and industrial uses the value of water is derived 
from the interaction of product prices and other input costs. In 
comparison with other industrial uses, the value of water in 
agriculture is relatively low. This in part reflects the 
extensive nature of water use in agriculture, as contrasted with 
more intensive application in many industries. 


. Estimates from the United States, although somewhat 
dated, indicate that the value of water in industrial uses will 
generally be twenty times, or more, higher than in agriculture 
(see Table 2.1). A more recent comparison indicates that in 
California the value added per unit of water is 65 times greater 
in industry than in agriculture (40). The value of water in 
agriculture does appear to be higher than for either waste load 
assimilation or hydroelectric power generation (Table 3.4), but 
much lower than its value in the other non-industrial uses 
listed. 


In making these comparisons between the value of water 
in alternative uses it should be emphasized that the relative 
values do not imply that all water should be allocated to the 
highest valued use, e.g., industry. The actual consumption of 
water by industry is modest in any event, and as more water was 
applied to industrial uses the value of the additional water 
would decline rapidly. A more appropriate goal is to try to 
allocate water among uses so that its incremental or marginal 
contribution in each use is roughly equal. 


In this context the data from Table 2.1 do not suggest 
that no water should be allocated to agriculture. They do 
Suggest, however, that extensive agricultural application of 
water (irrigation) should probably be the marginal user - being 
Supplied only after other demands have been met, and being 
reduced in favor of other uses in cases of shortage. The 
exceptions would be waste assimilation and hydroelectric power 
generation where the data indicate values in crop irrigation to 
be higher. These are of course broad generalizations, and the 
particular circumstances surrounding alternative water uses would 
have to be carefully examined in making actual allocation 
decisions. 


One brief to the Inquiry suggests that we are now 
approaching the point where those kinds of allocation choices 
will have to be made. That brief (18) suggests that on the 
Prairie provinces instream uses have generally been met from the 
unused portions of water available, with exceptions in low flow 
years in some basins. This suggests that either those instream 
uses have been protected in decisions to licence withdrawals for 
other uses (primarily agricultural and municipal), or that to 
date there has been sufficient water to meet all demands. The 
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latter is probably the case in most circumstances, and the brief 
emphasizes that as the unused portion of available water 
diminishes, provision will have to be made to adjudicate between 
competing uses. 


Pricing Policy, Water-Related Services to Agriculture 


As noted in reviewing the capability of farmers to pay 
for water-related services, only a part of the on-farm economic 
benefits (or value) from the use of water is actually recovered 
in water fees. And while there are often substantial on-farm 
economic gains from irrigation, it is not clear that irrigation 
projects generate overall net economic benefits when the off-farm 
costs of water supply are set off against the on-farm gains. We 
review here the common approaches to pricing for water-related 
services, and some information on the latter question - the 
Overall relationship between benefits and costs of irrigation 
projects. 


There are numerous observations, as noted above, about 
the value of water (the on-farm economic benefits and related 
Capacity to pay) in irrigation. The prices charged for 
water-related services have not been based on that criterion, 
however. Instead, historical water management policies in Canada 
have generally contained elements of three basic approaches to 
establish what should be paid: 


l. Pricing on the basis of the financial costs of 
providing the service; 


2. Pricing on the basis of the beneficiaries' 
capability to pay; 


3. Pricing on the basis of social goals including income 
redistribution, economic stability, or regional 
development, and in relation to the socio-economic 
benefits. derived from the service. 


Pricing on the basis of the total financial costs 
involved in providing a water-related service has been almost 
universally rejected in agriculture, because the direct net farm 
benefits are almost invariably less than the total costs 
involved. (This is readily apparent when one considers the 
relatively small amount of private irrigation that takes place 
without government intervention.) 


Pricing strictly on the capability-to-pay basis 
(derived, as defined above, from the on-farm net economic gains) 
requires judgments about the cost or value of various inputs, 
including the operator's labor, and the resulting estimates vary 
widely between various areas and for different crops. For these 
reasons, pricing on the capability to pay basis has not been 
attractive. 


Given the rejection of the above two approaches to 
pricing, what has emerged can best be described as pricing on the 
basis of the distribution of economic impacts, or gross economic 
activity generated. The costs of providing water-related 
Services tend to be pro-rated between direct beneficiaries 
(farmers) and others on the basis of the ratios between on-farm 
incomes and "spin-off" economic activity and associated 
government revenues. Governments of various levels bear directly 
the share of the costs which would be attributed to the non-farm 
sectors of the economy. This approach in effect represents a 
"weak" application of the first two approaches, and a heavy 
reliance on the third which is seen as justifying the use of 
water resources to attain "socio-political" goals, 


These kinds of analyses are frequently looked upon as 
providing project justification, for which they are not 
appropriate, and for which they have been criticized with varying 
degrees of harshness: 


"Secondary (indirect) benefits can Only be counted 

as benefits within the effeciency analysis if 
resources are unemployed ... and the spinoff activity 
truly represents a net gain in economic acibivity 

and ... the unemployment of resources would be chronic 
Over the life of the project. (Thus), in general, 
economists remain reluctant to justify projects in 
terms of their secondary benefits ... Their proper 
role relates to the objective of regional income 
distribution as well as to questions of repayment 
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".e- Certain errors in economic reasoning have played 
a role (in the historical mis-allocation of water 
resources): among them ignorance of the marginal 
principle, double counting of benefits, and the use 
of inappropriately low discount rates. Some advocates 
of irrigation not only fail to understand economics 
but also the simplest principles of accounting, and 
are unable even to distinguish gross from net returns 
Sev are” te Soe 8 yer 


Information on current practices in pricing or cost 
sharing for irrigation and drainage services is reviewed below. 


Irrigation 


A number of government cost-sharing programs are in 
place to promote soil and water conservation and water 
enhancement on the Prairies. Alberta Agriculture provides 60 
percent funding of eligible costs on projects to control soil 
erosion, soil salinity, slough consolidation, drainage and 
channel improvement. It is also responsible for 86 percent 
cost-sharing of the capital cost of district irrigation system 
rehabilitation. Alberta Environment provides 75 percent 
cost-sharing of eligible engineering and capital costs in general 
water management projects. In effect, with respect to irrigation 
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in Alberta, this probably means that the farmers' historical 
contribution to total water delivery costs has not exceeded 5 to 
10 percent of off-farm capital costs. 


Similar cost-sharing formulae have encouraged irrigation 
development in Saskatchewan. And a 50-50 capital cost sharing 
program (for 5 or more farmers interested in irrigation) is also 
available through the PFRA. In addition numerous provincial and 
federal technical support services are also provided free of 
charge to the farmer. 


In Alberta existing irrigation farmers (through their 
largely self-governing Irrigation Districts) are subject to 
relatively low water rates. The requirement for Alberta 
Agriculture to pay 86 percent of the cost of system 
rehabilitation confirms that historical water rates have not been 
adequate to finance on-going operations and required maintenance. 
Relatively low water rates also characterize most other 
irrigation projects in Canada. For example, farmers in six PFRA 
projects in Saskatchewan pay only $11 per hectare ($4.50 per 
acre) per year for full irrigation services (storage, conveyance 
and distribution). 


Drainage 


There is very little research which specifically 
focusses on the quantitative long-term socio-economic costs and 
benefits of drainage. The cost-sharing arrangements for 
drainage, as indicated in Table 2.2, reflect a similar 
farmer-government split to those in irrigation. 


Summary 


Review of present pricing policy for water-related 
services to agriculture indicates that governments are almost 
universally willing to underwrite the majority of costs 
associated with the provision of those services. Thus not only is 
there no attempt to charge the user for the water resource 
consumed in irrigation, only a small proportion of the associated 
costs of delivery of the water to the farm are recovered. 


This has probably been necessary for most projects to 
proceed at all, given the estimate in one recent study that 
farmers' ability to contribute to off-farm irrigation 
infrastructure costs (both capital and current) probably does not 
exceed one half of required operation and maintenance costs and 
perhaps 10 percent of total costs (30). Given that the farmer's 
capability to contribute to those off-farm costs derives from the 
value generated by the water in its on-farm application, if an 
Overall view is taken of the relation between the benefits of 
such projects and their costs, it is clear that the benefits will 
fall far short of the costs. It is difficult to argue, 
therefore, that there is any net economic gain, viewed from the 


perspective of the national economy in particular, from most 
irrigation projects. 
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This willingness to proceed with projects where the 
direct beneficiaries are able to defray only a fraction of total 
costs can perhaps be partly explained by a belief that in many 
areas the availability of water is a Critical constraint to 
growth and that without it there will be little or no development 
in a given area (18, 27). Thus not Only is the on-farm 
Production seen to result from the Supply of water, but the 
associated economic activity in processing and provision of 
Services to the agriculture sector are also attributed to it. 
This reflects a somewhat parochial view Of economic activity, for 
while economic activity within any given geographic area may 
depend on the availability of water, if the resources required 
for a,project were employed elsewhere in the economy they could 
well generate equivalent or greater levels of activity. 


Finally, regardless of the analyses and supporting 
assumptions which justify public cost Sharing, the greatest 
impetus for additional irrigation development on the Prairies 
comes from government agencies which continue to adhere to their 
Original mandate - water Supply enhancement. In this context the 
central issue is probably not the farmer's ability to pay but 
rather the general public's willingness to pay for continued 
water supply enhancement, irrespective of the long term social, 
environmental and economic consequences, 


".e. these analytical errors have had much less 
Practical significance than what might be called the 
non-analytical error. This is the belief, usually 
quite unconscious, that there are fixed "needs" or 
"requirements" for water rather than economic demands, 
No matter how conclusively it is refuted by facts -- 
for example the experience, which is all too common, 
of the inability to sell high-priced water -- the 
belief that demands are absolutely inelastic continues 
to dominate much planning in this field." (12) 


Table’ 2.1 


LONG-RUN NATIONAL DIRECT VALUE OF 
WATER IN THE UNITED STATES* 


($U.S. 1972/Acre-Foot Gross) 


per re ee 


Use Value/Acre-Foot** Comment 
ae eae ee ee ee De ee ee 
Crop Irrigation $5-20 ($3) Relatively Low 
Domestic 16-101 (S137) Relatively High 
Industrial 100-300 ($74) Relatively High 
Waste Load Assimilation .03-7.60 (S1) Relatively Low 
Recreation | 0-150 (n.a.) Relatively High 
Fish and Wildlife 713 (n.a.) 

Hydroelectric .14-1.00 (S$) Relatively Low 


* Excludes spinoff value added 
**Estimate from [12] for 1974 indicated in brackets. 
Source: Colorado State University, Economic Value of Water, Concepts 


and Empirical Estimates, National Technical Information 
Service, Springfield, Va., 1972 
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3. ADVERSE IMPACTS OF AGRICULTURAL EXPANSION ON OTHER USES OF 
WATER 


The impacts of agricultural expansion on other uses of 
the water resource will vary greatly across the country. The 
nature and extent of impacts wil] depend, among other things, on 
the nature of the expansion, changes in agricultural practices in 
both established and new areas, and the extent to which other 
uses will be protected where expansion involves withdrawal and 
consumption of water in agriculture. This section of the report 
is concerned with adverse impacts, such as erosion, salinization, 
contamination and flow depletion which may follow from expected 
agricultural expansion. We include some discussion of the 
economic losses associated with agricultural impacts on water 
resources, and means of reducing those impacts. 


Flow Depletion 


As noted in Section 1, the major implication of the 
projected changes in agricultural output for use of water arises 
from direct withdrawal and consumption for irrigation. The 
impacts of these additional water requirements on other uses of 
water will be very site-specific. 


In British Columbia a significant portion of new 
requirements is expected to come from groundwater wells. 
Although the amount withdrawn is not expected to have a 
measurable effect on groundwater supplies, relatively little is 
known about aquifers in that province. Other requirements will 
be met by surface withdrawals from streams, lakes and rivers. 
These are licenced, and while in early years licences were 
granted with little regard for other water uses, the licencing 
process now generally requires that adequate flows remain to meet 
the needs of insitu uses - such as fish and wildlife, recreation, 
or waste assimilation. Moreover, it can be anticipated that an 
increasing proportion of future surface withdrawals will be 
provided for by diversion or storage projects. These augment 
flows on a seasonal basis when they are required for irrigation, 
thus further ensuring the provision of water for other insitu 
uses. 


On the Prairie provinces there will be little use of 
groundwater to meet additional agricultural requirements, surface 
withdrawals being the only practical source of providing most 
irrigation water. From briefs submitted to the Inquiry it 
appears that some major projects may be required if the water 
requirements implicit in the various projections are to be met 
(18, 27, 42, 43). 


Whether the governments of the Prairie provinces will 
continue to be willing to commit water to agricultural uses, and 
to provide as well the necessary funds for construction and 
on-going operation of major projects, is unknown. To the extent 
that they do, such actions will imply either that they have, in 
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their views, provided adequately for other water uses, Or in the 
event that other uses are compromised in favour of agriculture, 
have judged the use of water in agriculture to be of a higher 
value. 


This of course presumes that information on the value of 
water in alternative uses, and consistent evaluation criteria, 
will be available and readily applied in making decisions on the 
allocation of water. There is no guarantee, of course, that this 
will happen, and several briefs to the Inquiry have expressed 
concerns that evaluation criteria and decision making frameworks 
have failed to adequately account for non-agricultural values in 
tiie past. (2, 10, 18) 


Concerns of this nature are reinforced by the generally 
accepted observations, as discussed in Section 1 of this report, 
that the costs of most large agricultural water supply projects 
have outweighed the benefits. That being the case, it is 
frequently presumed that there should be no further allocation of 
water to agriculture, and there is an inherent distrust of 
analyses that contemplate such uses. It does not seem 
appropriate here, however, to prejudge future projects or 
analyses and reject them out of hand. There may well be 
circumstances in which agriculture represents the most valuable 
use of water, and there will undoubtedly be others in which it 
does not. 


Therefore, while flow depletion caused by increased 
withdrawals for agriculture clearly poses the potential for 
impacts on other water uses in the Prairie provinces, it is not a 
Simple matter to predict the magnitude of those impacts. The 
additional requirements for agriculture may be met by flow 
enhancement, through diversions and Storage facilities, leaving 
intact the requirements of other uses; or there may be some 
degree of encroachment on other uses. It would be out of place 
to comment here on whether the provinces are likely to make 
"good" or "bad" decisions regarding water allocation in future, 
With the attention that has been drawn to non-agricultural values 
in the present era, however, it does seem reasonable to expect 
that future decisions will at least be better informed than some 
taken in the past. 


In Ontario, irrigation requirements are presently met 
from surface water and to a lesser degree ground water. It is 
expected that additional requirements would be met from the same 
sources, in roughly the same proportions. The impact this will 
have on other water uses is not expected to be substantial. 
Permits are required for both surface and groundwater withdrawals 
for irrigation quantities in excess of 50,000 litres per day 
(11,000 gallons), and the-permits for surface withdrawals require 
the protection of the natural functions of streams and provide a 
mechanism for allocating available flows among users (38). A 
means for taking account of non-agricultural values in mak ing 
decisions about the future allocation of water to agriculture 
Clearly exists in Ontario. Its success in guiding "optimal" 
allocation decisions will depend on the quality of information 
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which is made available as future decisions are taken. 


In the Atlantic provinces irrigation demands are 
expected to be modest, as are potential impacts of flow depletion 
On other uses. 


Soil Degradation (Salinization and Erosion) 


Several briefs to the Inquiry emphasize that soil and 
water problems are inseparable and must be considered together 
(ll, 15). Some soil problems directly affect the water resource 
(erosion), while others result from the on-farm use of water 
(salinization). In either case the cultural practices which may 
be adopted to counter erosion and salinization themselves have 
implications for water use, hence the logic of considering these 
soil degradation problems in the context of water management. 
This is particularly important in the context of agricultural 
expansion, as expansion onto marginal arable lands may exacerbate 
both salinization and erosion. 


Salinization 


The salinization of agricultural lands is one of a 
number of soil degradation problems threatening agricultural 
production in Canada. Crop yields are very responsive to soil 
Salinity levels, with yield reductions of 50 percent not uncommon 
in saline areas (16,44). 


"Secondary" or man-induced salinity is a result of the 
addition, redistribution or concentration of soluble salts by 
groundwater or surface water (16). A primary cause of soil 
salinization in western Canada appears to be the practice of 
summerfallowing, which permits the deep percolation of excess 
water. Thus, while soil salinization appears to result in part 
from water use practices, it does not in itself appear to impact 
on other uses of water resources. 


The extent of the salinity problem is the subject of 
some debate. Some recent estimates and projections for western 
Canada to 2008, excluding irrigated areas and areas of unimproved 
pasture, are presented in Table 3.1. These indicate something in 
excess Of 1 million hectares ( 2.5 million acres) presently 
affected by secondary salinity, with 1.25 million hectares (3.1 
million acres) expected to be affected by the year 2008, an 
increase of 10,000 hectares (24,000 acres) per year (16). 


Salinization is less extensive, although proportionally 
no less serious, on irrigated lands in western Canada. Estimates 
of approximately 100,000 hectares (250,000 acres) affected appear 
reasonable (19, 33). Unlike dryland salinity, the salinization of 
irrigated lands results principally from seepage, inefficient 
irrigation practices and poor surface drainage (3). 
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Salinity control and mitigation is very dependent upon 
On-going improvements in farm management practices (16): 


- use of deep-rooted perennial crops to dry out the 
soil profile; 


- more intensive cropping with the gradual elimination 
of summerfallowing in Saline-prone areas; 


~ Surface and sub-surface drainage; 


- utilization of effective snow management practices; 
and 


- the planting of salt-tolerant crops. 


The future extent of this Salinity control in the 
context of an expanding agriculture will, in turn, affect 


agricultural water use. The major considerations in this regard 
are: 


- the additional water necessary for leaching saline 
soils under irrigation will increase the pressure on 
available water supplies; 


- the trend in summerfallow acreage reductions, with the 
resultant increase in stubble Cropping, will tend to 
increase the variability of crop yields and, hence, the 
importance of on-farm water management strategies. 


- reductions in water losses from irrigation canals will 
serve a two-fold function of reducing irrigated saline 
areas, and making more water available for productive 
uses. 


Some estimates place the annual cost of Salinity to crop 
producers at $29 million, expected to grow to $465 by the end of 
the century (11), while others indicate the annual cost to be 
$100 million already, and growing by about 1 percent each year 
(16, 44). This latter estimate suggests that current losses are 
equal to 1.5 percent of the total value of annual Prairie crop 
production, 


Given the magnitude of these estimated losses, it would 
appear that farmers have strong economic incentives to introduce 
cultural practices which will control Salinity. The response of 
individual farmers can be expected to be highly varied, however. 
Some may recognize the problems and have adequate financial 
resources to take corrective measures, while others who are 
equally cognizant of the problems may, because of financial 
pressures, not alter their cultural practices. Still others may 
Simply be slow to recognize the problems with Salinity and begin 
to consider the various corrective actions which can be taken. 
Thus, while it does not seem reasonable to project that the 
extent of salinization will continue to grow unabated, it may be 


some time before there is any significant reversal in recent trends, 
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Erosion 


As with salinity, the impact of erosion on crop yields 
can be dramatic. In some studies wheat yields have been shown to 
be only one-third as great on eroded as compared to non-eroded 
soil (33,44). The negative yield effects of erosion have been 
shown to be a function of soil type, amount of topsoil eroded 
and, to a lesser extent, crop grown (16). 


The area of improved land in western Canada that has 
been affected by soil erosion is substantial, with estimates for 
1984 approaching 5.2 million hectares (13 million acres) and 
projections for an additional 1.0 million hectares (2.5 million 
acres) by 2008 (Table 3.2). While soil erosion rates vary with 
climatic factors, topography and soil surface factors, in general 
bare soils are much more erodable than ones covered with plant 
growth (16). The various management practices which increase the 
susceptibility of soils in western Canada to erosion include the 
use of large equipment, summerfallowing, high tillage speeds, 
elimination of windbreaks, cultivation of submarginal soils and 
incorporation of pre-emergent herbicides. 


In addition to the Prairie region identified in Table 
3.2, serious water and wind erosion areas exist in the potato 
growing regions of New Brunswick and Prince Edward Island, the 
Annapolis Valley of Nova Scotia, the corn belt of southern 
Ontario, and the lower mainland of British Columbia (44). 


The extent of erosion in future will depend on the soil 
and water management strategies adopted by farmers. Some of the 
management changes which are currently being made should have a 
positive effect. Others, in particular expansion onto marginal 
areas, will result in greater erosion problems. 


The economic incentives to reduce soil erosion appear to 
be strong. One source indicates that on-farm losses on the 
Prairie provinces are: in the order of $370 million annually and 
will grow to $472 million by the end of the century if unchecked 
(11). Others place the current annual losses at from $368 to $468 
million in the western provinces, and as great as $68 million in 
southern Ontario alone (41,44). The response to the costs of 
erosion by individual farmers can be expected to vary, however, 
for the same reasons noted in discussing the response to 
salinization. 


In terms of direct agricultural water use it is 
anticipated that on balance the impact of cultural practices 
introduced to deal with erosion should either be neutral or 
slightly positive (reducing consumption), as indicated by the 
assessment in Table 3.3. Erosion will continue, however, and is 
expected to spread to new areas with expansion onto submarginal 
lands. The increased silt loadings in rivers and streams may 
adversely affect other downstream users, with the effects ranging 
from increased costs to remove silt from drainage and shipping 
channels, to fish and wildlife and recreation losses (27). 
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Drainage 


As noted in Section 1 of this report, there is expected 
to be continuing emphasis on getting wetlands into agricultural 
Production. We have chosen to discuss the water management 
concerns that this gives rise to under two headings. One can 
perhaps be characterized as the hydrological effects - the 
impacts on streamflows and flood peaks within river basins. The 
Other has to do with elimination of surface waterbodies and their 
withdrawal from use for other purposes, 


Hydrological Effects 


The use of subsurface drains to improve soil aeration 
and permit timely cultivation has historically been very 
important to agricultural production in Many areas of Canada, 
This importance has not diminished, and in recent years increased 
land drainage, along with genetic advances in corn production, 
are credited with the establishment of feedgrain self-sufficiency 
in Ontario and improved self-sufficiency in Quebec (50), ),..This 
has been a specific goal in Ontario, and the Ontario Ministry of 
Agriculture and Food estimates that infaddition, to ther) 
Million hectares (3 million acres) already served by subsurface 
drains, a further 1.5 million hectares (3.8 million acres) would 
benefit from the installation of such drains (38). Associated 
with extensive subsurface field drains, there are frequently 
improvements to local drainage channels, and often connecting 
channels which drain Swamps and ponds, 


There tend to be intuitive expectations that these works 
have led, and will continue to lead, to greater and more frequent 
flooding elsewhere in the affected river basins. Careful 
investigations have not Supported such expectations, however, and 
in many cases refute them (26). 


It is difficult to generalize, when hydrological 
responses will vary with different types of drainage works and 
differing climate and physiographic conditions. But it has been 
found that in most cases subsurface drainage and outlet 
enlargement have little effect on flood peaks, and that flood 
peaks are reduced when high water table areas are drained. This 
apparent paradox arises in large part from the fact that tile or 
other subsurface drainage provides storage capacity in the soil, 
tending to reduce surface runoff and decrease peak flows. On the 
other hand, the connection of Swamps Or enclosed areas to rivers 
by large arterial drains, does increase flood peaks (26). It is 
not uncommon to find, moreover, that whereas drainage may be 
blamed for increased flood peaks or frequency, encroachment of 
buildings and fill in river channels and on flood Plains is 
actually the primary cause. 
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The extent to which increased agricultural drainage will 
create problems for water management through these "hydrological" 
effects will thus depend very much on the nature of the works. 
Expansion of on-farm drainage to improve soil aeration and permit 
effective cropping may in fact have little effect. Major channel 
improvement or drainage of areas that provide some surface 
storage may have significant effects. The latter type of 
projects, almost always undertaken by government agencies or with 
government funding, are at least easily identifiable and should 


be subject to review for such adverse effects before they are 
undertaken. 


Drainage of Surface Waterbodies 


The functions of a wetland are many, including the 
provision of habitat for a wide variety of fish and wildlife 
species which contribute in turn to numerous forms of recreation 
(10). Drainage terminates these wetland functions, a matter of 
concern to many who benefit from them (15, 18, 37). 


Concern over the continuing loss of wetlands is serious, 
taken in the context of some estimates which indicate that 
two-thirds of the original Prairie wetlands have already been 
drained (15). Some evidence indicates, moreover, that wetlands 
are being lost at an increasing rate (6). Canadian Wildlife 
Service observations indicate that drainage, filling and 
cultivation of semipermanent and permanent wetlands is occurring 
at a rate of 18 percent per year in the Prairie provinces. 
Correspondingly, populations of mallard ducks have been declining 
since the early 1970s and are currently at all time lows 
thoughout the Prairies (6). 


It is indicated in Section 1 that if half of the Prairie 
wetlands could be economically drained it would add 1.2 million 
hectares (3 million acres) to the cropped land base - an increase 
of about 3 percent. While that may be a speculative estimate, 
further loss of wetlands to this extent would be viewed with 
considerable alarm vis a vis the probable impacts on waterfowl. 


These kinds of concerns over wetland losses are not 
unique to the Prairie provinces. In Ontario agricultural 
reclamation is pointed to as a major force in the loss of . 
wetlands (37), and numerous interests see agricultural drainage 
aS a major threat to that province's remaining wetlands. 


Their function in providing waterfowl habitat 
illustrates the complexity of the wetlands drainage issue. 
Migratory waterfowl are a continental resource, managed jointly 
under Convention by Canada, the United States and Mexico. 
Canadian wetlands are vitally important to many species as 
nesting habitat (7, 21). The recreational benefits supported by 
the waterfowl which nest in Canada are enjoyed in all three 
countries, and are difficult to quantify. 
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The farmer who is contemplating draining a wetland is 
unlikely to realize any of the benefits from the waterfowl it 
Supports, but may bear numerous costs as a result of the presence 
of the wetland. In his decision as to whether to drain the 
wetland he cannot be expected to give weight to the reduction in 
waterfowl productivity and recreational losses accruing to others 
- he will be guided by his own on-farm costs and benefits. Thus 
the impacts of wetland drainage on waterfowl are "external" to 
the farmer's decision making process and, in the absence of 
outside intervention, will not be taken into account. 


Much of the concern over the loss of waterfowl nesting 
habitat is focussed on how to intervene in farmers! drainage 
decisions so that the full range of costs and benefits is 
considered (15, 21). This is in many respects a classic example 
of what economists would call a "market failure". There are no 
conventional market mechanisms through which those who benefit 
from the maintenance of waterfowl populations can register the 
benefits that they receive by paying for them, and thus influence 
landowners' decisions. In the absence of such mechanisms the 
preservation of wetlands and securing of such values must rely on 
intervention by government agencies and voluntary organizations. 


The issue of wetlands preservation and waterfowl is 
particularly complex, involving as it does a large number of 
Species with highly variable migratory patterns. The same 
Principles affect the preservation of wetlands as habitat for 
non- migratory fish and wildlife species. Problems again arise 
because of the absence of market channels through which the 
consumers of the services that fish and wildlife provide can 
convey to landowners the values they attach to those services. 


As long as this "market failure" persists, and those who 
make decisions regarding drainage of surface wetlands do not take 
account of the consequent reduction in fish and wildlife habitat, 
it is almost certain that the amount of drainage which takes 
place will be in excess of what would be considered optimal from 
the viewpoint of society at large. In view of the extent to 
which surface water bodies have already been eliminated, this is 
a serious concern. 


Contamination 


Finally, agricultural expansion may impact on other 
water uses via water quality degradation and contamination. 
Erosion and the consequent siltation of watercourses has already 
been discussed, the further concern here being with nutrients, 
chemicals and agriculturally-originated pollutants. 


The agricultural sector can contribute to surface and 
groundwater contamination through runoff, the quality of which 
will reflect the type of soluble materials the water is in 
contact with, and the suspended materials it carries. Possible 
pollutants from agricultural land include sediment, nutrients, 
pesticides, organic matter and pathogens (38). Nutrients and 
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animal manure can reduce water palatability, pose health risks to 
people and animals and increase the eutrophication of waterbodies 
(2). 


Opinions vary as to the significance of the various 
types of contaminants which originate in the agriculture sector. 
It has been indicated that in Prince Edward Island agricultural 
activities have been the largest source of groundwater 
contamination in the province, and there is increased concern 
about the impact of pesticide use on water resources (34). 
Similarly from Manitoba a concern singled out for early attention 
is the presence of agricultural chemicals in surface water and 
groundwater - something which is seen as a growing threat to the 
supply of potable water for farms and communities (27). Others 
(2, 36) suggest that pesticide residues do not contaminate water 
to any appreciable extent. 


While there are divided views as to the degree to which 
agriculture is presently contributing to water contamination, the 
issue for this report is the extent to which other water uses may 
be affected, via water contamination, resulting from expansion of 
agriculture. As long as cultural practices are consistent it can 
be expected that there will be a pro-rata increase in 
contamination problems. Increasing attention is being paid to 
problems of this nature in some areas, however, with emphasis on 
Management practices to control water pollution (38). If 
expansion in agriculture is coupled with improved cultural 
practices the increase in contamination problems may be less than 
proportional to the increase in agricultural production. 


Economic Losses from Agricultural Impacts on Water 


We have noted above some estimates of the on-farm losses 
arising from erosion and salinization. These arise from reduced 
soil productivity and not from changes in the quantity or quality 
of water. In addition to these direct on-farm losses, 
agriculture may impose off-farm costs on other water uses, via 
flow reduction, drainage, or contamination, as discussed. 


Although they do not deal specifically with costs caused 
by agriculture, there have been some estimates of the economic 
costs due to water pollution in Canada. An early study for the 
Department of the Environment indicated annual losses across 
Canada of $40 to $70 million (35). Recent estimates by 
Environment Canada indicate the social costs of water pollution 
from all sources to be at least $200 million annually (2). 
Although these estimates are not broken down by source of 
pollution, it is expected that the contribution from agriculture 
is modest in comparison with those from industrial and municipal 
sources. 


These estimates deal with costs arising from water 
pollution only, however, and do not take account of costs that 
May arise when other uses are "displaced" by withdrawal of water 
for consumptive use in agriculture, or by drainage. Several 
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briefs to the Inquiry have noted that the values affected by 
withdrawals and drainage are not well understood (2, 9, LJ; LG; 
37) and stressed the need for consistent criteria for taking such 
values into account in resource allocation decisions. As far as 
is known there have been no investigations of these kinds of 
costs in Canada, although there have been several studies of the 
wetlands/waterfowl issue on a continental basis (7, AL's 


Means of Reducing Adverse Impacts of Agricultural 
Expansion 
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A common response to almost any identified adverse 
impact is to call for its reduction or control. It is not at all 
clear, however, that adverse impacts resulting from agricultural 
use of water should universally be reduced or controlled, 

Whether they should or should not depends very much on the 
relationships between the benefits realized from the 
agricultural use of water and the cost of the impacts. (It also 
depends on the relationship between the value or cost of the 
impacts and the costs of corrective measures). We will attempt to 
illustrate this with respect to the different types of adverse 
impacts which agricultural expansion may have on other water 
uses, 


In the case of flow depletion resulting primarily from 
irrigation withdrawals, the licensing process almost universally 
Provides an avenue for the protection of other uses which depend 
on the water. In the past little account may have been taken of 
other uses, in many respects reflecting oversight but in other 
regards probably fairly reflecting prevailing relative values. In 
the present era much more attention is drawn to such uses, and it 
is unlikely that they will suffer just from oversight, 


The question of relative values remains moot, however. 
When there are competing demands for water, not all of which can 
be satisfied from available Supplies, choices between uses will 
have to be made. These kinds of allocation decisions are a 
Provincial responsibility, and it is expected that, at least in 
the case of major projects, they will result from analyses that 
take alternative uses and values of water into account. Whether 
the allocations which ultimately result represent an optimal use 
of resources will depend on the "quality" of the information 
which is used and the rigor of the analytical framework. While 
almost all provinces adhere to fairly conventional benefit cost 
approaches, there is a persistent concern that the kinds of 
impact analyses on which decisions about cost Sharing have been 
based (Section 2) may be relied on to justify particular projects 
in the event that their costs are otherwise shown to outweigh 
their benefits. 


It should be inherent in analyses supporting water 
allocation decisions that the least cost alternatives for meeting 
any given objective be identified. In this regard it is 
important to note that efficiencies in water use in irrigation 
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have historically been very low. This is not surprising, since 
the prices charged for water have hardly provided an incentive to 
treat it as a scarce commodity. 


In southern Alberta, recent years have, however, seen 
increasing attention paid to improving these efficiencies, both 
through improvements in on-farm application methods (sprinklers 
versus back flooding) and improvements in delivery systems 
(upgrading and repair of diversion, reservoir and headworks 
facilities). Other areas, too, have begun to look seriously at 
improving the efficiency with which water is used in irrigation 
(46). 


There appears to be considerable scope, therefore, to 
meet increased irrigation demands through more efficient use of 
water already allocated to agriculture, rather than through 
increased withdrawals. Such alternatives should be fully 
explored, and may constitute a cost-effective means of reducing 
impacts from agricultural withdrawals and flow depletion. 


Soil salinity and erosion have also been discussed as 
problems which must be addressed in a joint approach to soil and 
water management. As some of the estimates of economic losses 
indicate, these are problems with substantial direct on-farm 
costs. There is little that can be done in the scope of water 
Management to reduce those on-farm costs, the remedies to which 
lie almost exclusively in the hands of the farmers and their 
cultural practices, 


To the extent that the costs of available remedies are 
less than the benefits to be gained through their application (ie 
reduction in losses) it is wasteful, from a social point of view, 
for those losses to continue. Thus there may be a good case to 
be made for special programs in soil and water conservation 
education - to arm farmers with the knowledge of improved 
cultural techniques which would reduce the losses. 


Not all costs of erosion are borne on-farm, however. 
Erosion may cause siltation which can in turn impose a variety of 
costs on other water users. Reducing these off-farm costs 
provides a further justification for programs in soil and water 
conservation education. In cases where the off-farm costs of 
erosion remain unacceptably high, stronger remedies may have to 
be sought. Recourse could be had to regulating on-farm cultural 
practices, and incentives could also be tried, perhaps paying a 
per acre premium to encourage the growth of crops which do not 
render the soil as susceptible to erosion. 


As discussed above, the drainage of surface water bodies 
is a very serious problem from the perspective of waterfowl 
Management, and in connection with non-migratory fish and 
wildlife species as well. The nature of this problem is widely 
recognized (15) but no simple solution exists. 


At least two steps are required to address this problem. 
The first is to provide farmers and others who are making 
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drainage decisions with information on the value of the wetlands 
as wildlife (waterfowl) habitat - something which requires 
considerable site-specific information that is not readily 
available. The second, in cases where analysis indicates that the 
gains to the farmer from drainage do not offset the losses to 
others from reduced habitat, is to develop a mechanism whereby 
those who gain from preservation of the wetland habitat can 
adequately compensate the farmer for foregoing the on-farm 
benefits of drainage. 


. To date this problem has been approached largely through 
"collective" action, both government and voluntary. The Canadian 
Wildlife Service has had a Program of obtaining easements over 
private wetlands to preserve their role as waterfowl habitat. 

And Ducks Unlimited, a non-profit Organization which raises funds 
from sportsmen in both the United States and Canada, has secured 
some 1.4 million hectares (3.4 million acres) of wetland habitat 
through agreements with Private landowners and government 
agencies (7, 15). 


To the extent that these programs have been carried out 
they are an effective way of "internalizing the externality" so 
that decisions about drainage reflect both on and off-farm costs 
and benefits. Should these approaches be judged to be 
inadequate, the further alternative would seem to lie with direct 
government regulation of drainage. 


If provincial governments are prepared to intervene and 
regulate drainage, this could have the Salutary effect of 
Providing incentives for rationalization of provincial 
cost-sharing programs for drainage. The greatest incentive for 
regulation probably lies with the federal government, however, 
given the importance of wetlands to migratory waterfowl, which 
are a federal responsibility. There would be an obvious need for 
federal provincial coordination in any such regulation, to avoid 
having the two levels of government working at cross purposes 
with respect to drainage incentives. 


Finally, the issue of water contamination and 
agricultural expansion is one which is probably best dealt with 
through a combination of education/research and regulation, 

This is largely the case at present. Education and research 
Programs are aimed at increasing awareness of the water 
contamination problem and of practical means of controlling 
agricultural non- point source pollution. Regulations deal with 
the use of pesticides and chemicals (38). As with any form of 
regulation, however, the problems of inspection and enforcement 
are serious - particularly when they involve, as they do in 
agriculture, large numbers of different pesticides and chemicals 
applied at many diverse points and at highly variable times. 
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4, FEDERAL POLICIES AND PROGRAMS WHICH INFLUENCE AGRICULTURAL 
DEMANDS FOR WATER 


To assess and critique all federal policies and programs 
which influence agricultural demands for water is a broad task, 
and we attempt at the outset to place some limits around it. At 
the most general level almost any government program which 
promotes economic growth will stimulate the demand for food, and 
in turn influence agricultural demands for water. We do not 
propose to consider the impacts of such general government 
programs on the demands for water. 


Similarly, although the federal government plays a major 
role in a number of income, price support and supply management 
programs for agricultural products, which undoubtedly influence 
agricultural demands for water, we will not consider such 
programs. These programs have specific goals, and whatever the 
controversies about their efficacy, neither in their design nor 
administration should there be concern about lower level resource 
demands or allocation issues. Although these programs will 
probably stimulate the agricultural demand for water, those who 
are responsible for them should not be concerned with the impacts 
of their programs on the demand for water, for example, any more 
than with the demand for steel, fuel or labor. 


We are restricting our considerations, therefore, to 
those programs and policies through which activities of the 
federal government directly influence the use and management of 
water in agriculture. These include activities through 
Agriculture Canada and Environment Canada and the various Acts 
and agencies which fall within their mandates, and other 
Departments which have been directly involved in agricultural 
projects. ot 


Agriculture Canada 


In its brief to this Inquiry (2) Agriculture Canada sets 
out its objective: 


"To promote the growth, stability and competitiveness of 
the agri-food sector, by making available policies, 
programs and services that are most appropriately 
provided by a federal government, so that the sector 
makes its maximum real contribution to the national 
economy." 


Under this objective Agriculture Canada has identified the 
sustainability and enhancement of the agricultural industry's 
soil and water resources as one of the major issues needing 
immediate attention. A five-year departmental plan is being 
developed, with four areas relating to national water resource 
development. These are: 
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Surveys and Monitoring - with Agriculture Canada 
Prepared to survey and monitor actual agri-food water 
use and to forecast future agri-food demands. Basic and 
Applied Research - the department currently has 
resources allocated to a number of areas affecting 
agricultural use of water, including water conservation 
under reduced tillage and through improved snow 
Management, water erosion control, water quality 
control, various aspects of irrigation requirements, 
SOil salinization ana drainage. 


Development Programs - Agriculture Canada has become 
"heavily involved" in the design and implementation of 
regional agricultural development strategies. These 
take the form of coordinated programs, under 
federal-provincial development agreements. Since 1982 
agri-food development agreements have been signed with 
Nova Scotia, Prince Edward Island, New Brunswick, 
Manitoba and Saskatchewan, and most other provincial 
governments are reportedly willing to support similar 
Programs. The majority of these Programs are designed 
to increase the speed with which the private sector 
adopts improved technology and management practices. 


Regulation and Registration of Pesticides - the 
department is responsible for regulation and 
registration of pesticides (under the Pest Control 
Products Act) and coordinates the evaluation and 
registration process with several other federal 
departments. 


Prairie Farm Rehabilitation Administration 


The Prairie Farm Rehabilitation Administration is an 
agency of the federal government which was created in 1935 by the 
Prairie Farm Rehabilitation Act, in response to the severe 
drought of the 1930's. Originally under the authority of the 
Minister of Agriculture, PFRA was attached to the Department of 
Regional Economic Expansion from 1969 to 1983, and returned to 
Agriculture Canada in March of 1983, 


PFRA'sS purpose is to secure the rehabilitation of the 
drought and soil drifting areas of Alberta, Saskatchewan and 
Manitoba. Amendments to the Original Act in 1937 gave the PFRA 
three main dimensions - water development, cultural practices, 
and land use. To accomplish its goals it has developed and 
promoted, through cooperation with the provinces and industry, 
new farming practices, tree culture, water Supplies, land use and 
land settlement. 


The PFRA has seen its role as a developer rather than a 
regulator and has provided assistance for a large number of 
projects, Included are more than 187,000 individual and 1,500 
community water development projects. Among the individual 
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projects are 7,200 irrigation schemes, and the community projects 
include 144 group irrigation schemes. 


The PFRA has assisted in the development of major water 
supply and irrigation projects under a variety of arrangements. 
This has sometimes involved cost-sharing of initial project 
development. In others cases Canada, through PFRA, has shared in 
or paid the entire cost of dams, reservoirs, Main canals and 
headworks, with the responsibility for irrigation distribution 
systems and other facilities assumed by the provinces or other 
organizations. PFRA has generally provided engineering design and 
construction supervision, with operation and maintenance 
responsibilities accepted by provincial or local authorities. 


Some special PFRA undertakings include the Bow River 
Irrigation District in Alberta, which was purchased by the 
federal government in 1950, renovated and enlarged to serve 
victims of the drought, and transferred to Alberta in 1974. Some 
23 storage reservoirs and six irrigation projects were developed 
in southwestern Saskatchewan to relieve effects of the drought, 
and the province of Saskatchewan has developed seven irrigation 
projects which are served by PFRA reservoirs (42). 


While PFRA continues to have a highly qualified 
engineering organization, since completion of the Gardiner Dam on 
the South Saskatchewan River in the 1960's, federal involvement 
in the construction of major water supply projects has declined 
significantly (18). A change of focus can be noted in the 
"drought proofing" studies and irrigation project evaluation 
activities that PFRA has recently been involved in, cooperatively 
with the provinces, under the Saskatchewan and Manitoba 
Agreements on Water. 


Canada Water Act 


The Canada Water Act of 1970 replaced the Canada Water 
Conservation Assistance Act of 1953, which provided for federal 
cost-sharing with the provinces of large-scale water conservation 
projects. Through this Act and other sources (Economic and 
Regional Development Agreements) federal funding has been made 
available for flood control works, and various other capital 
projects. 


Although the federal contribution to such projects 
dropped off significantly following completion of major projects 
in the 1960's, a number of projects have been recently approved, 
but not yet carried out. These include further flood control 
structures, community and on-farm water projects and water 
treatment for Regina-Moose Jaw. The federal agent varies from 
project to project, in some being Environment Canada and in 
others Agriculture Canada (18). 
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Environment Canada 


With its establishment in 1970 the Department of the 
Environment was given "primary responsibility for administering 
water resources from the national point of view" (25)i2,. A 
statement of water policy was issued on behalf of Canada by the 
Minister of Environment in 1978, The broad objectives of that 
policy are the conservation, development and use of water 
resources for the greatest social and economic benefit of 
Canadians - present and future, 


‘ The major points which are relevant to agricultural 
Projects and use of water include a commitment to a joint 
federal-provincial approach to most issues, including 
cost-sharing; pursuit of water quality goals through control of 
nutrients and chemical contaminants; and application of the 
federal environmental assessment and review process where federal 
authority extends to water projects. Federal policy calls on 
users to pay the costs of using water, including pollution costs, 
and provides for the alleviation of flood problems, 


Environment Canada has not become as directly involved 
in agriculture-related water resource developments as has, for 
instance, the PFRA. More emphasis has been placed on water 
resource planning and river basin Management, through cooperative 
agreements with the provinces, and there has been considerable 
emphasis on flood control and damage reduction. The Canadian 
Wildlife Service, a division of Environment Canada, has 
intervened in agricultural drainage, through its program of 
obtaining easements over private wetlands to preserve them as 
waterfowl habitat. 


Agricultural Rehabilitation and Development Act 


Under this Act the federal government entered into 
numerous cost-sharing Agreements with the provinces, the focus of 
which included comprehensive resource inventories, research into 
land and water use, and development of land and water resources 
in low income rural areas. Throughout most of its history ARDA 
projects were administered by the Department of Regional Economic 
Expansion, and it is believed that existing Agreements will 
continue to be administered by the new Department of Regional 
Industrial Expansion, 


Under the umbrella of a general ARDA Agreement, it has 
been common for the federal and provincial governments to enter 
into more specific Subsidiary Agreements, to cover particular 
areas, Or particular kinds of projects. An example of this is 
the Eastern Ontario Subsidiary Agreement, which ended in 1984, 
Under this Agreement a two-thirds grant was paid toward the cost 
of outlet drains, with the grant cost being shared equally 
between Canada and Ontario. In other parts of the country 
Subsidiary Agreements have been used to develop community 
pastures and for land reclamation purposes, 


mn Fp 


Canadian Wheat Board 


Although it does not directly affect the use of water, 
per se, there is currently much criticism of the Wheat Board 
policy where quotas for the delivery of grain are tied to the 
acreage actually cultivated. This is claimed to have the effect 
of encouraging or "enforcing" the practice of summerfallowing, 
which in turn contributes to and exacerbates soil salinity 
problems. In addition it encourages the drainage and cultivation 
of wetlands (15). 


Critique of Programs and Policies 


A critique of federal programs and policies which 
influence agricultural use of water must take as its reference 
point the stated policies of the federal government with respect 
to the water resource. In this regard it is appropriate to 
reiterate the objectives noted above for both Environment Canada, 
and Agriculture Canada. 


The objectives for Environment Canada are particularly 
important in view of the fact that this department has been given 
"primary responsibility for administering water resources from 
the national point of view" (25). The relevant aspects of policy 
as it relates to agricultural use of water include the broad 
objective of conservation, development and use of water resources 
for the greatest social and economic benefit of Canadians now and 
in the future; the commitment to federal-provincial 
cost-sharing; a call for users to pay the costs of using water; 
and the application of the federal environmental assessment and 
review process where federal authority extends to water projects. 


In the case Of Agriculture Canada the aspect of its 
stated objective that is most relevant in the context of water 
Management is the commitment to make available policies, programs 
and services so that the agri-food sector makes its maximum real 
contribution to the national economy. 


The broad objectives of these two key government 
departments are generally consistent insofar as they relate to 
water use and management. The emphasis from Environment Canada 
is on the use of water for the greatest social and economic 
benefit, with the environmental assessment and review process 
ensuring that a broad range of uses is included in the 
determination of benefits. Put simply, this is a commitment to 
efficient use of water and related resources. In a similar sense 
the Agriculture Canada commitment to a maximum real contribution 
to the national economy can be interpreted as requiring efficient 
use of water resources and a respect for non-agricultural 
alternatives. 
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It is not surprising to find common elements such as 
these in broad statements of departmental policy. The real test 
lies, however, in the actual programs which are undertaken and 
their adherence to the stated general principles. For purposes 
of assessment federal programs and policies are discussed here in 
terms of their economic efficiency (benefits in relation to 
costs), and in terms of consistency, 


Economic Efficiency 


In discussing the economic efficiency of programs and 
policies they can effectively be grouped into two major areas. 


The first includes various programs for research in soil 
and water conservation (PFRA, Agriculture Canada, Environment 
Canada) provision of on-farm technical assistance (PFRA), 
encouragement in the adoption of techonology and management 
Practices (Agriculture Canada, PFRA), and on-farm water supply 
(wells, dugouts, irrigation) (PFRA). 


These kinds of programs will act in two directions in 
influencing the demand for and use of water, They will tend to 
reduce the use of water to the extent that the research in soil 
and water conservation, provision of on-farm technical 
assistance, and adoption of technology and management practices 
all encourage more efficient use of water. They will tend to 
increase the demand for or use of water, to the extent that they 
result in an expansion of agricultural production, or introduce 
water intensive practices (irrigation) where they have not 
previously been applied. 


The relationships between the costs of these particular 
programs and the benefits which they generate have not been 
Clearly documented. Research has generally shown, however, that 
there is a high rate of return to the application of improved 
technology, and to the kind of basic research undertaken in any 
of these programs. In addition the costs of these programs are 
generally quite modest, and they do not involve major changes in 
the allocation of resources. These programs appear to be 
consistent with both the broad objective stated by Environment 
Canada - conservation, development and use of water for the 
greatest social and economic benefit - and the objective of 
Agriculture Canada - to assist the agri-food sector in making a 
real contribution to the national economy. 


The second major policy and program area includes the 
large scale projects which make water available for agriculture, 
Or directly affect agricultural use of water and related land 
resources, Here we identify major water supply projects for 
irrigation, and drainage and land reclamation projects, 


Major irrigation water supply projects have served in 


the past to deal with water "shortages", or meet inhere demands 
for water, by supply augmentation. 36Fvén the climate which gave 
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birth to the PFRA, the major federal agent in such projects, it 
is not surprising that the early projects were not subject to 
rigorous analyses of costs and benefits. This approach 
persisted, and even in the 1960's the proponents of the Gardiner 
Dam and the South Saskatchewan River Project apparently did not 
feel that it was a part of their mandate to conduct such 
analyses. Thus when this project was approved by the 
newly-elected Diefenbaker government, the decision to proceed was 
not supported by analysis of the project's economic efficiency. 


The Gardiner Dam was the last major water supply project 
which involved a significant federal role. Despite the 
emergence, since its completion, of concerns about the importance 
of more comprehensive analysis of such projects there is still no 
evidence that economic efficiency is addressed by the PFRA in 
project selection. 


A continuing federal involvement in water supply 
projects on this basis seems to be inconsistent with stated 
policy - in particular those aspects that call for use of water 
for the greatest social and economic benefit of Canadians 
(Environment Canada), and for the agri-food sector to make a real 
contribution to the Canadian economy (Agriculture Canada). It is 
assumed that efficient resource use and allocation is an 
essential condition in achieving these objectives and 
contributing to social and economic benefits or making a "real" 
contribution to the economy. 


Nor does there seem to be a commitment to the federal 
environmental assessment and review process, which might ensure 
that the full range of impacts would be considered in major 
project analyses. These kinds of tests are sorely needed, 
perhaps particularly for the PFRA, an agency whose original goals 
of rehabilitating the drought and soil drifting areas of the 
Prairies have surely been met, after almost fifty years. 


Consistency 


A frequent criticism of federal water policy is that 
various programs are working at cross purposes. This can be 
illustrated with reference to drainage and reclamation projects. 
While many of these are economically efficient in their own right 
(2), questions raised about them generally point to the fact that 
different federal agencies are pursuing, independently, 
conflicting goals. 


Thus it is pointed out that while the Canadian Wildlife 
Service works to protect wetlands, PFRA and Agriculture Canada 
are involved in support of drainage and reclamation projects. 
And the rationale of drainage and reclamation projects is further 
questioned insofar as some suggest that they may accelerate 
runoff and peak flows, in contravention of efforts by Environment 
Canada in flood control and damage prevention. 


While there may at first glance appear to be 
contradictions in these programs, closer scrutiny shows that is 
not always the case. In terms of the preservation of wetlands for 
wildlife habitat versus drainage for agriculture, it May be 
entirely consistent to support drainage of some wetlands and 
preservation of others. The appropriate use of any individual 
wetland will depend on the respective costs and benefits in each 
use, and it would hardly be expected that analyses would indicate 
that all wetlands should be preserved, or that all should be 
drained. Thus while these policies may appear inconsistent, they 
may very well not be. The issue, it would seem, is whether there 
is careful analysis of the impacts on and values from alternative 
land and water uses before decisions are made to support 
drainage, or preserve wetlands. This is something that would 
have to be done on a case by case basis, and we can see no 
evidence of this in the federal approach to these programs. 


Circumstances are much the same when looking at the 
apparent conflict between drainage and control and prevention of 
damage from flooding. As noted previously, such conflicts may be 
more apparent than real real. Some kinds of drainage projects 
actually help to reduce peak runoff, while others may increase 
peak flows. A consistent federal policy depends again on 
assessment of the respective magnitude of costs and benefits 
associated with the program actions. The costs of realizing 
benefits from a particular drainage project may include the 
incremental costs which drainage adds to flood control in the 
watershed. Whether the drainage project should be undertaken, 
given those additional costs, depends on whether the benefits are 
great enough to compensate for them. If they are, it is clearly 
more efficient to proceed and accept the costs, rather than 
forego the benefits from drainage. The issue, again, is whether 
project analyses take the full range of costs and benefits into 
account - and again there is no evidence of a commitment to do 
this. 


Finally, the objectives stated for Environment Canada 
cal] for users to pay the costs of using water. As the question 
of paying for water supply projects has been addressed, however, 
it has become obvious that agriculture cannot pay, directly, more 
than a small portion of total project costs. (Though the charges 
actually levied are generally lower than the ability to pay, even 
were the charges equal to the full ability to pay they would 
still fall far short of costs.) This has led to the evolution of 
cost- sharing formulae, where the majority of costs are borne by 
governments who are taken to represent non-farm beneficiaries of 
the projects. There appears to be a genuine inconsistency here, 
in relation to further federal participation in water supply 
projects. 


es em 


Summary 


The broad federal policy objectives relating to water 
use in agriculture are found to be laudable and generally 
consistent. The actual programs which are "delivered" under the 
auspices of these policies do not, however, necessarily conform, 
The divergences or discrepancies do not arise because what is 
done can be rejected out-of-hand as being inconsistent with 
policy objectives. (A major PFRA sponsored project, to supply 
water for irrigation for example, may or may not represent an 
efficient use of resources.) They arise because programs, and 
projects within those programs, are not assessed or tested ina 
rigorous fashion to see if they do comply. 


Our major concerns, therefore, are with implementation. 
Programs and projects are not being tested to determine whether 
they represent "use of water resources for the greatest social 
and economic benefit of Canadians", or make a "maximum real 
contribution to the national economy". Nor are they being tested 
for internal consistency, although appropriate attention to the 
question of efficient resource use would implicitly address this 
concern. 
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5. RECOMMENDED CHANGES IN FEDERAL POLICIES AND PROGRAMS TO 
IMPROVE THE SOCIAL, ECONOMIC AND ENVIRONMENTAL CONTRIBUTION 
OF CANADIAN AGRICULTURE 


Our critique does not fault a number of federal programs 
and policies affecting agriculture and the related use of water. 
These include research, soil and water conservation, extension 
and dissemination of technology and management information, and 
resource planning. All of these functions attempt to improve the 
social, economic and environmental contribution of Canadian 
agriculture, There may be grounds for questioning federal 
participation in some of these Programs, but on efficiency 
grounds at least their goals are certainly worth pursuing. 


In other areas, primarily those with a strong project 
Orientation, we are not recommending that policies and programs 
be abandoned. The concerns are rather that implementation does 
not appear to be consistent with broad policy guidelines, and 
with a lack of commitment to rigorous testing and analysis of 
projects prior to endorsement or participation. In particular 
the federal role in large water Supply projects and in drainage 
and land development programs is Singled out for criticism, 


It is to the implementation process involving projects 
of these types that we address the following recommendations for 
change, 


Water Supply Projects 


The federal government, through various agents, in 
particular the PFRA, has in the past made major contributions to 
large irrigation water supply projects. It is not clear that in 
doing so the federal actions have conformed to the presently 
stated policy regarding water resource developments. It is 
understood that conditions were very different when those 
commitments were made, however, with several important factors 
distinguishing them from the present. In particular, many of the 
projects were directed at providing relief from the drought which 
had ravaged the Prairies and, as the projects involved the first 
large commitments of river flows, the availability of adequate 
water for irrigation and other uses was not a concern. It is not 
Surprising that against that background many of the projects, 
which have brought about dramatic changes in agriculture in many 
areaS, are viewed as highly successful. 


The purpose here is not to criticize past projects, 
Rather it is to note that circumstances are now markedly 
different from those which prevailed at the time that they were 
undertaken, and that the same approach to federal involvement may 
no longer be appropriate. Perhaps the major distinguishing 
feature is that at present substantial portions of available 
water supplies are already committed, water is no longer abundant 
relative to demands, and its continuing availability to potential 
users on a first come-first served basis is very much an issue, 
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Before additional water supplies are committed to 
agriculture there is clearly a need to examine if this will 
maximize the social and economic benefits from the water 
resource, relative to other potential uses. There is also a 
concern over the terms of commitments in water use - with the 
need to maintain a margin of flexibility in order to cope with 
future, unforeseen demands from alternative uses. 


The provinces, with legal jurisdiction over water, have 
in the past been willing to allocate it for agricultural use 
without levying a charge for the water per se. Not only has the 
water been provided at no direct charge, the fees that have been 
levied have consistently failed to cover even the cost of the 
labor and capital required to deliver it. The federal government, 
as a cost-sharing partner in some of these undertakings, and the 
sole developer in others, has provided financing to recruit the 
labor and capital for project construction, The result has been 
a policy of cheap water for agriculture. 


From the evidence which is available, it is not clear 
that past projects would have passed the tests of comprehensive 
benefit cost analyses. Nor is it clear that future projects will 
- particularly in view of the fact that most of the least 
expensive sources of water have already been developed. It would 
be unwise to recommend rejection of federal participation in 
future projects out of hand, however. A more appropriate 
response is that a clear demonstration that the projects will in 
fact make a net contribution to the economy should be a 
prerequisite to federal cost-sharing. 


Recognizing that we are in an era where the availability 
of water can no longer be taken for granted, where alternative 
uses may be as or more highly valued than agriculture, and where 
the full range of effects on other water users should be taken 
into account, federal contributions to major water supply 
projects should be contingent on rigorous analyses. The Treasury 
Board's benefit cost guidelines (48) lay out the basis for 
evaluation of federal programs in terms of the national economic 
efficiency objective - and these should be applied to federal 
involvement in water supply projects for agriculture. These 
guidelines are being applied to an ever-widening range of federal 
investments; failing to apply them to agricultural water supply 
projects may result in the wasteful allocation of federal 
financial resources. 


In making this recommendation it is noted that these 
guidelines have already been applied to flood control programs in 
which the federal government participates, and are rigorously 
applied to other programs, such as the Salmonid Enhancement 
Program on the Pacific coast. What is required is development of 
a consistent approach to evaluation of the various programs in 
which there is a federal involvement in water supply for 
agriculture. Such evaluations should take into account 
alternatives for meeting a given goal (structural and 
non-structural), should take full account of the effects on, and 
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values in, other water uses (present and future), and should 
attempt to fully account for "environmental" effects to the 

extent that they are not encompassed in the consideration of 
other water uses. 


It is difficult to predict what the results of 
individual project analyses would be if they were carried out on 
this comprehensive basis. (It would be particularly interesting 
and instructive if retrospective project evaluations could be 
completed, as these could shed considerable light on the 
reasonableness of predictions being used in prospective project 
evaluations.) But it would not be at all Surprising if many 
projects did not pass the "test" with respect to national 
economic efficiency. This in turn would bring into question the 
appropriateness of federal participation in the projects. 


It is recognized that there will be strong pressure for 
continued federal cost-sharing of projects from local and 
regional interests (43) who stand to benefit from the continued 
availability of cheap water for agriculture. And it is expected 
that the provinces may be willing to continue to make the water 
itself available for use in agriculture at little or no cost. On 
the other hand, it is clearly time to recognize that serious 
Problems will emerge if policies are pursued which attempt to 
keep water cheap when it is not. Continuing with a cheap water 
policy will only encourage its continued inefficient use, thereby 
intensifying the eventual pressures for re-allocation and 
limiting the long-term role of irrigation (20). 


Drainage and Land Development Projects 


These types of projects do not necessarily involve the 
direct use of water in agriculture, but they can have 
Significant effects on the distribution of water and its 
availability for non-agricultural uses. At present the effects 
on other resource uses, or interactions with other programs, are 
not consistently taken into account before projects are 
undertaken, and there is apparently no requirement that this be 
done, 


The concerns identified over federal involvement in such 
programs lie with the apparent (though not necessarily real) 
inconsistencies and conflicts between various federal programs, 
Addressing these concerns does not require that federal 
participation in all such projects be suspended. What it does 
require, as with water supply projects, is the application of 
rigorous project analysis which would ensure that the full range 
of project impacts is taken into account. A benefit-cost 
analysis consistent with the Treasury Board Guidelines would 
appear to be appropriate, with specific attention paid to both 
positive and negative effects on other uses of water. 


Again, as with water supply projects, it is not expected 
that all projects would pass the economic efficiency test implied 
in such analyses, The consequent prospect is that federal 


participation in such programs would be reduced in future. In 
the case of drainage projects, in particular, the point is 
repeatedly made that large areas of wetlands have already been 
eliminated, with loss of other resource values. This increases 
the importance attached to remaining wetlands, and in view of 
that it would not be surprising if analyses indicated that it was 
appropriate to slow the rate of conversion of wetlands to other 
uses. Such a position by the federal government might well be 
opposed by those who would benefit from continued drainage and 
agricultural expansion. On the other hand it would have to be 
seen as recognizing the wider range of federal interests and 
responsibilities. 


Standards for Project and Program Evaluation 


Several briefs to the Inquiry have stressed the need for 
better techniques to evaluate projects and priorities in water 
use (2, 9, 10, 18). And it has been suggested that a federal 
strategic plan is necessary to guide federal agency programs 
which deal with water resources (18). Central to these 
recommendations, as with ours above, is the need to adopt 
consistent evaluation procedures. 


It is instructive to note that a similar need was 
recognized several decades ago in the United States, where 
federal involvement in water resource projects was very 
widespread. In 1965 the Water Resources Planning Act established 
a U.S. Water Resources Council to coordinate the activities of 
the various federal agencies dealing with water resources. The 
Council was charged to establish principles, standards and 
procedures for federal participants in the preparation of 
comprehensive regional or river basin plans and for the 
formulation and evaluation of federal water and related land 
resources projects (24). This led eventually to the 1980 
"Principles and Standards for Water and Related Land Resources 
Planning" (49). While the subject of some criticism, it is 
generally acknowledged that these standards have greatly improved 
the approach to federal participation in water resources 
projects, broadened the range of project effects which are 
routinely considered, and made explicit the tradeoffs between 
different objectives. 


It may be beyond the scope of our inquiry and 
recommendations, but it does appear, given the wide range of 
federal policies and programs that impinge on agricultural 
development alone, that a similar approach to establishing 
consistent standards and procedures for federal participation in 
water resources development in Canada should be investigated. 
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STUDY TERMS OF REFERENCE 


Objective: 


The objective of the report is to explore the role of water in 
current and projected Canadian agricultural development and the 
impacts which agricultural demands are likely to have on the 
quantity and quality of waters available to other uses. 


Tasks: 
The contractor hereby agrees to: 


1. Review agricultural acreage and yields projections and analyze 
their implications for the use of water nationally and 
regionally; 


2. Analyze the capability of agricultural producers to pay for 
water-related services (e.g. irrigation, drainage projects) in 
relation to other water users; 


3. Analyze various adverse impacts (erosion, salinization, 
contamination, flow depletion) which agricultural expansion is 
likely to have on other uses of the resource, and means of 
reducing these impacts; 


4. Document and critique (federal) policies and programs which 
influence agricultural demands for water; 


5. Recommend changes in federal policies/programs as appropriate 


to improve the social, economic and environmental contributions 
of Canadian agriculture. 
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THE INQUIRY ON FEDERAL WATER POLICY 


The Inquiry on Federal Water Policy was appointed by the federal Minis- 
ter of the Environment in January of 1984 under the authority of the Canada 
Water Act. The members were Peter H. Pearse, chairman; Francoise Bertrand, 
member; and James W. Maclaren, member. The Inquiry was required by its terms 
of reference to review matters of water policy and management within federal 
jurisdiction and to make recommendations. 


This document is one of a series of research papers commissioned by the 
Inquiry to advance its investigation. The views and conclusions expressed in 
the research papers are those of the authors. Copies of research Papers and 
information on the series may be obtained by writing to the Enquiry Centre, 
Environment Canada, Ottawa, Ontario KIA OH3. 


Frank Quinn 
Director of Research 
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Abstract 


This paper includes a brief overview of the nature of risk management as 
well as the results of a workshop on the subject held in February 1985. 


Suggestions are made in order to better define the structure of decision 
processes, the risk management policies and the federal/provincial roles 
in risk management and to improve the legitimacy of risk management 
decisions. 


Résumé 


Ce rapport présente un bref apercu de ce qu'est la gestion des risques de 
méme que les résultats d'un atelier de travail sur le sujet qui a eu lieu 
en février 1985. 


Des suggestions visant a mieux définir les structures du_ processus 
décisionnel, les politiques de gestion des risques et le role des 
gouvernements provinciaux et fédéral dans ce domaine et A améliorer la 
ligitimité des décisions prises sont présentées. 
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Summary 


In 1984 the Minister of the Environment established a Commission under the 
chairmanship of Dr. Peter Pearse to explore and make recommendations on issues of 
water policy and management within federal jurisdiction. A workshop on risk 
management was convened as one element of the Inquiry. 


The Commission invited the participants at the workshop to provide advice on: 


- how decision-making processes should be structured when significant uncertainty 
exists; 


- how policies to guide natural resource management should be adapted to cope with 
uncertainty; 


- how federal and provincial roles could be united into a workable partnership; 


- how public policies for risk management could be made more legitimate. 


"Risk management" involves analysing the consequences of the various options 
for on-going or proposed human activities, and deciding on adjustments that are in the 
public interest. The term generally implies that the choice of a course of action is based 
on a structured analysis of risks and benefits, and the fairness of their distribution. In the 
approach adopted at the Workshop, not only scientific analysis but also more intuitive 
perceptions and judgements play essential roles in decision-making. Stakeholders, publics, 
expert advisors and authorities work in concert to decide upon and implement a course of 
action. | 


Decisions influencing the management of water resources are made in the 
context of a dynamic environment in which human activities and natural phenomena 
interact. Assessing and controlling the impact of the industrial age on the overall 
integrity of the environment is a formidable challenge — a challenge to the powers of 
reason. Mankind can observe, evaluate and begin to understand the biosphere. In the light 
of this understanding, human activities can be deliberately modified to promote 
sustainable economic and social development. 


Three different reasoning processes could be isolated, each contributing a new 
dimension to the understanding of man/environment interactions. First, the scientific 
process employs iterative observation, deduction, induction and hypothetical prediction to 
gain understanding of the laws of nature, the condition of the biosphere and predictions 
for the future. The second process, the process of public/market choice, has a significant 
intuitive element. In this type of rationality, individuals or groups with interests in 
common muster whatever powers of persuasion they can in support of their interests. The 
preferences of dominant coalitions emerge as a set of value judgements. 


ii 


The third reasoning process must place the interests of society as a whole 
above the interests of individuals or groups. These three kinds of reasoning together 
determine appropriate interventions. 


A general framework for the analysis of decisions in the public interest has 
emerged simultaneously from several fields. It incorporates all three rationalities and 
deals with the following bodies of information: 


- human needs and wants; 

~ the stakeholders, experts and authorities involved; 

- the weights of influence of the players; 

- intervention options (actions and incentives); 

. predicted positive and negative consequences of options; 
- perceptions of the value/importance of consequences; 

- sensitivity of the consequences to uncertainty. 


The discussions at the workshop generated the following conclusions: 


Decision Processes 


- The ingenuity needed to improve the quality of life arises from three reasoning 
Processes: scientific assessment, public/market choice, and the political inference 
that places the interests of society above the interests of particular publics. 
Decision-making should draw upon all of these forms of reason. 


- A clearly identified authority should be responsible and accountable for ensuring 
that decisions are made, implemented and evaluated. Procedures for appeal should 
be spelled out. 


- The decision process should have the Capacity to make judgements on urgent issues 
and take prompt action. 


Risk Management Policies 


- Policies to guide interventions in human activities should recognize the equal right 
of all Canadians to environmental quality, and recognize the need to maintain 
essential ecological processes and life support systems. 


- When uncertainty is high, public policies for risk management should (1) define the 
"due process" for decision-making as well as (2) provide guidance for resolving 
specific cases. 


7 Both the guiding policies and individual risk management decisions should consider 
the consensus developed through consultation with stakeholders and expert advisors. 


Improving the Legitimacy of Risk Management Decisions 


Institutional arrangements are needed to negotiate a consensus, at both scientific 
and public levels, on priorities for social action. 


Improved measures of the health of ecosystems are needed. 


Improved communications between governments, stakeholders, experts and the 
public are needed. 


Legitimate environmental stewardship will require a deep-rooted social commitment 
to sustainable development. This social commitment should be supported by 
improved methods of risk perception and the resolution of conflicting perceptions; 
educational programs to display the interactions between human activities and 
natural phenomena; and school curricula to develop better understanding of risk, 
uncertainty and probability. 


Trust and respect for public policies will require the greatest possible openness and 
the full display of the elements of decision-making. 


Overall, risk management provides a useful tool for Organizing and displaying 


the information involved in public policy decisions. The framework accomodates 
disparate value judgements with respect to the importance of changes in the various 
social, economic and environmental factors at risk. Predictions are made about both the 
consequences and legitimacy of management Strategies, and finally, uncertainties can be 
converted into guidance for further consultation, research and intervention. 


INQUIRY ON FEDERAL WATER POLICY 
RISK MANAGEMENT WORKSHOP 
REPORT 


Carolyn T. Miller, PhD. 


History 


In 1984 the Minister of the Environment established a Commission under the 
chairmanship of Dr. Peter Pearse to explore and make recommendations on issues of 
water policy and management within federal jurisdiction. The resulting Inquiry included 
public hearings across the country, as well as a wide-ranging set of research projects and 
workshops. 


At the Risk Management Workshop, held February 20-22, 1985 at Strathmere 
House, specialists in the areas of economic analysis, perception of public values, 
ecotoxicology, scientific risk assessment and government infrastructure met with 
members of the Commission to debate short background papers and exchange perspectives 
on problems of risk management. 


Commissioner Pearse opened the Workshop with two premises. First, he 
observed that polices to guide the management of water resources must recognize risk, 
uncertainty and unforeseeable change. Second, he concluded from his experiences during 
the public hearings that any process which fails to clearly allocate responsibilities and 
depends entirely on cooperation and good will is unrealiable. 


The Commission challenged the workshop with providing advice on: 


: how decision-making processes should be structured when significant 
uncertainty exists; 

“ how policies to guide resource management should be adapted to cope 
with uncertainty; 

~ how federal and provincial roles could be united into a workable 
partnership; 

, how public policies for risk management could be made more legitimate. 

Background 


"Risk Management", taken literally, means controlling the chances of bad 
consequences. In practice, the term generally implies that the management strategy is 
based on a structured analysis of risks and benefits and the fairness of their distribution. 
To some, however, the meaning is more restricted. They maintain that only objective, 
scientific analysis should be involved in public policy decisions. Perceptions, feelings and 
public opinions are left out. In the approach taken at the Workshop, all reasoning 
Processes were Considered to be not only admissible, but essential. 


A risk manager, for example, might look into the question of diverting water 
from its natural lake system to help reduce drought somewhere else. The risk 


management process would look into the future, and figure out what is likely to happen if 
10% of the water is diverted, 1% is diverted or none is diverted. The benefits of diversion 
to the drought-stricken area would be balanced against the benefits being derived from 
leaving some, most or all of the water in its natural location. Similarly, the risks of 
diverting or not diverting would be predicted for both areas. The decisions as to what to 
do would represent a trade-off taking into account the consequences (good and bad), how 
likely those consequences are, and how to make the distribution of the risks and benefits 


reasonable and fair. 


Such risk management decisions are never easy. Different people attach a 
different level of importance to such things as agricultural profits, recreation potential 
and uncertainty about the long-term stability of ecological systems. It may be virtually 
impossible to please everyone. Lakefront property owners would howl if they thought 
their scenic view might become a 5 metre zone of sludge and slime, as a result of water 
diversion. 


Further, it is rarely possible to predict precisely what will happen since 
scientific understanding of complex ecosystems is just beginning to develop. Often the 
trade-off must grapple with the possibility of a very serious consequence without much 
knowledge of how likely that consequence is. 


Feasibility must be considered. Is it technically possible to divert the water? 
Costs must be considered. How much would the technology, engineering, maintenance and 
manning of a water diversion system cost? Would the increased crop yield pay for it? 


Market conditions have to be considered. Would there always be a buyer for 
the diverted water? Who would pay for the diversion system in non-drought years? How 
often does a drought occur? 


Even when a careful analysis has been made, and the preferred course of 
action has been decided, there still remains the problem of getting people to behave the 
way the decision-maker thinks they should. If it is decided that no more than 1% of the 
water should be diverted, what incentives can be arranged to reduce the temptation to 
take 5% when the drought is at its worst and the price paid for water is high? What 
arrangements could be made to ensure that the operators of the diversion system are 
accountable not only to their shareholders but also to both the buyers and the community 
whose natural ecosystem is being drained? Finding workable incentives, to make all of 
the players want to accept and honour the decision is one of the major challenges to the 
ingenuity of risk managers. 


At the heart of "risk management" is the decision analysis that draws on the 
knowledge developed through scientific, social and economic assessment, and then 
balances different perceptions of the importance of the likely consequences. This analysis 
helps the authorities to choose a course of action that is in the best interests of society as 
a whole. Risk management is the combination of analysis, judgement and behaviour 
modification needed to achieve political, social, economic and environmental goals in an 
efficient, effective and equitable manner. 


Objectives 


The Risk Management Workshop addressed the problems of deciding on 
interventions that are cost-effective, widely accepted, and fair. (See Annex 1.) It was 
not the purpose of the Workshop to resolve specific issues such as whether to divert 
water, or whether to reduce the release of chemicals into the environment. 


It was not the purpose of this workshop to explore the "how to" of risk 
assessment. Risk assessment is the task of experts from a wide range of disciplines - 
chemistry, biology, ecology, mathematics, toxicology, epidemiology, economics, 
sociology. The best available analytical tools are used to predict the consequences of 
each possible course of action and estimate how likely those consequences are. Rather, 
the workshop debated ways to use the results of risk assessment to assist with two kinds 
of decisions: which problems to tackle first, and then, for the priorities, what to do about 
them. 


The Risk Management approach to decision-making does not make the decision 
for you. What it does is provide a framework - a guide to the kinds of information, 
consultation and reasoning needed to support the decision. 


A Framework for Risk Management 


The field of normative economics has provided a general approach for the 
analysis of strategies for social intervention. The Workshop reviewed the elements of 
"multi-attribute utility theory" in the form of a hypothetical case study of the analysis of 
water management options. A description of the quantitative application of the approach 
is provided in Annex 2. A qualitative overview is presented here. 


Information Needs 


Although the terminology used may differ somewhat in different sectors, most 
risk management frameworks are based on the same kinds of information. 


i. The People 


The decision analyst needs to know who the decision authorities are. Who has 
the power to make, implement and evaluate the decision? Who do you go to, 
to appeal? Who administers the decision process? Who are the experts 
capable of bringing the tools and knowledge of the appropriate natural and 
social sciences? Who are the stakeholders - the publics that stand to benefit 
(or suffer) from the consequences of the decision? 


2. Desired Results (Objectives) 


The analyst needs to know what it is that people need and want. Generally, 
these desired results are expressed in terms of the social, economic and 
natural aspects of the environment that people would like to achieve. For 
example, a social aspect could involve the level of government intrusion into 
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human activities; an economic aspect could be the return on investment in a 
water diversion facility; and important aspects of the natural environment 
could include the stability and aesthetic quality of lakefront property, and the 
agricultural productivity of a geographic region. 


Measures of Achievement 


Once the objectives "at risk" and subject to change because of the decision 
have been identified, the next challenge is to find ways to measure (or predict) 
the degree of achievement that has been (or might be) attained. Level of 
government intrusion might be measured as hours spent by stakeholders 
interacting with government officials; return on investment could be measured 
as percent recovered per month; stability of lakefront could be measured as 
the probability of a water level of more than | foot below seasonal norms and 
aesthetic quality could be measured as a change in the number and type of 
plant species. 


Intervention Options (Actions and Incentives) 


Having identified a problem - a source of dissatisfaction - such as poor 
agricultural yield due to recurring drought in a certain area, the analyst needs 
to know what the options for addressing the problem are. Various water 
diversion techniques, local water management, a shift to drought-resistant 
crops, or use of fast-maturing varieties could all be considered. In fact, lining 
up the options is sometimes the most open-ended component of the risk 
management process. There may always be another possibility, or combination 
that you haven't thought about! 


For toxic chemicals, the selection of feasible intervention options requires 
analysis, in consultation with technical experts, of every stage of the chemical 
life cycle. Opportunities to break the chain of cause and effect may occur 
during research and development, manufacture, registration, transport, use or 
waste disposal. 


In addition to lining up the options for preventive action, it is necessary to 
consider the feasibility of persuading people to modify their behaviour. In the 
water diversion example, it may be that a shift in the choice of crops would be 
best in the long run. But people get set in their ways and resist change. The 
analyst needs to know what incentives could be arranged, and whether the 
farmers in question would be likely to make the shift. Some examples of the 
range of available incentives are: 


. process: jawboning, mediation, committees, consultations, adju- 
dications, etc. 


° regulatory: approved voluntary abatement, negotiated orders, 
permits, approvals, regulations, orders and injunctions 


° Civil liability and insurance 
: regulatory compensation funds, cleanup funds, emission charges, 
economics: disposal pricing, marketable pollution rights, raw 


material pricing, delays, bonds 


. fiscal tax deductions, rebates, credits, | exemptions, 
support: equity/debt financing, government contributions, for- 
giveable loans, government loans, guarantees or 
insurance 
r economic labour assistance, R&D support, export promotion 
support: 


as Predicted Consequences 


For each intervention option, the consequences (good and bad) for each of the 
direct stakeholders and other publics must be predicted, using the objectives 
and measures of achievement already discussed. Very few predictions can be 
made with certainty and consequences often have to be expressed in terms of 
both the nature of the effect and the probability that it will occur. 


6. Weight of Evidence 


Expert judgement and consensus are needed to assess how good the predictions 
really are. Quality assurance indicators for the overall strength of the case, 
and for the range in which best estimates fall should be displayed. 


These six kinds of information provide the basis for risk assessment - 
estimating the likely consequences of _ intervention options. Social, economic, 
environmental and human factors are all involved, and coordinated effort by experts from 
a range of disciplines from engineering to psychology is required. By assembling this 
information the analyst can clearly display the risks and benefits, who it is that will enjoy 
or endure them, and how strong the scientific case really is. 


Risk assessment is the result of scientific reasoning - objective, dispassionate 
estimation of consequences. But decision-making requires more than just knowing the 
facts. Value judgements are required. The decision-maker must have significant 
understanding of how people perceive the importance of the various objectives. 


i. Perceived Significance of the Consequences 


Different stakeholders will perceive the importance of the objectives 
differently. To farmers, a water-shortage means disaster and the aesthetics 
of the lakefront seems relatively unimportant. To others, the reverse may be 
true. It is not a question of proving who is right or wrong. Each is entitled to 
his considered opinion. Such individual value judgements are reached 
intuitively. These in turn are subjected to debate and modification as each 


stakeholder uses the powers of persuasion to influence others, until, by this 
ongoing process of "public choice" a consensus is reached. 


Formal, quantitative application of multi-attribute utility theory assumes that 
measures of the consequences can be "scaled" - placed in order of increasing 
degree of significance. For example, for threats to long-term stability of a 
lakefront ecosystem, a score of 100 could be assigned if no threat was 
perceived. Zero could be assigned for substantial irreversible changes in 50% 
of the lakefront in regions with over 150 persons per square kilometer. 
Intermediate scores would be assigned to lesser degrees of damage. Clearly 
the valuation criteria are of paramount importance! A significant consensus- 
building process would be required to arrive at an acceptable "scale". 


Further, quantitative application of the theory assumes that the scale of 
consequences for one factor (eg. ecosystem stability) is comparable to the 
scale for another (eg. health). That is, a score of "75" on both scales would 
mean that people would have great difficulty in choosing between them. 
These two consequences would be regarded as equally acceptable. 


When the different consequences can be expressed in the same units - dollars 
for example - comparisons are fairly straightforward. The costs of a water 
diversion facility can be compared to the profits from agricultral productivity. 
But environmental results such as shifts in the type and number of species 
resulting from a change in water level are often uncertain, and far removed 
into the future. Studies show that people tend to discount future events 
heavily. On the other hand, uncertainty often leads to heightened levels of 
concern. Despite these problems people do make risk/benefit judgements all 
the time. "Should we go swimming on this beautiful beach even though the 
lifeguard has gone home?" 


Even more difficult are quantitative procedures for comparing different 
objectives such as convenience or profit versus health. If using a pesticide 
runs a 10% chance of doubling the forest yield over 10 years, what risk should 
we take in terms of years of life lost or reduced health status for exposed 
people? For all the difficulty of making such judgements, people do make 
them. "Should I squeeze through this yellow light, or wait another cycle of the 
traffic signals?" For decisions with widespread social impact, a Consensus on 
the relative importance of competing consequences is needed. This requires 
the participation of the direct stakeholders and other publics involved. The 
sociological tools for resolving different public perceptions have just begun to 
develop (see Annex 3). 


Weight of Each Stakeholder 


The decision analyst should attempt to find out how strong an influence each 
stakeholder is likely to have on the choice of activities, in the absence of any 
intervention by the authorities. This may be a very complex question, but it 
will shed a lot of light on how popular and widely accepted the management 
decision will be. In the end, the decision authority will have to make a 
judgement about whether the spontaneous influence of particular stakeholders 
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FIGURE | THREE RATIONALITIES: PARTNERS IN DECISION-MAKING 


is what it ought to be. If not, then some form of intervention may have to be 
taken on behalf of society. 


One way to adjust the weight that stakeholders have is to alter the 
membership of advisory groups. The access that a stakeholder has to the 
decision authority may determine the degree of influence. 


9. Ethical Principles 


In the final analysis, the decision authority must shoulder the burden of 
responsibility for deciding what is just. In making this political inference, 
ethical principles embodied in law, policy, practice and precedent wil! provide 
guidance. But in the end, the decision-maker (or each member of the "jury" if 
the decision authority is a group) must face the lonely challenge: "Make up 
your mind". 


This body of information provides the basis for the risk management approach 
to decision-making. In figure 1, these elements are linked together by the intellectual 
processes that generate, communicate and use the information. 


Three Human Rationalities: Partners in Decision Making (Figure 1) 


Decisions influencing the management of water resources are made in the 
context of a dynamic environment. Human activities are changing; social customs, needs 
and wants are in a state of flux; and all of the physical, chemical! and biological elements 
of the biosphere are influencing each other in a manner often too complex to comprehend. 
Nonetheless, for all its dynamic complexity, the biosphere has sustained an overall 
integrity throughout the geological history of life. Assessing and controlling the impact 
of the "new" human activities of our industrial age on this integrity is a formidable 
challenge. 


As the impact of human activities becomes greater it becomes more and more 
important to have a valid perception of the nature of the biosphere and the role of 
mankind in it (see Annex 4). Three reasoning processes can be isolated, each contributing 
to human perception of the biosphere. The scientific method employs iterative observa- 
tion, deduction, induction and hypothetical prediction to gain understanding of the laws of 
nature, the condition of the biosphere, and predictions for the future (See Annex 5 and 6). 
This objective scientific analysis is conducted mainly by specially trained experts. 
Unfortunately, scientists have a tendancy to communicate with each other rather than 
with the public at large. Often the "media" are called upon to function, not as a vehicle 
for transmission as the name implies, but as surrogate thinkers, and the message may get 
distorted. Scientists need to work harder at sharing their knowledge. 


Within society, individuals or groups with interests in common engage in a 
different reasoning process, in which each public uses whatever powers of persuasion it 
can muster to gain support. This process of public/market choice has a significant 
intuitive element, and the preferences that emerge may not be consistent with the 
scientific assessment. However, this public choice rationality incorporates important 
judgements of the value of intangibles that are not readily amenable to current scientific 
analysis. It is encouraging that specialists in public perception and the more intuitive 


processes for making value judgements are regaining a place for the social sciences in 
decision analysis. Without the insights derived from the social sciences public/market 
choices would remain a black box - something to be accepted without understanding. (See 
Annex 3). 


While public choice and scientific analysis (natural and social) give rise to the 
aspirations and preferences of individuals or groups, a third rationality is required. 
"Political inference" must place the interests of society as a whole above the interests of 
particular publics. Politicians and bureaucrats generally have the greatest opportunity to 
apply this type of thinking. In our society specialists who have dedicated themselves to 
ethical philosophy (religious leaders, academic philosophers) generally must find ways to 
influence individuals, and through these individuals influence public choice. Our society 
often deliberately excludes ethical philosophers from any direct role in political decision- 
making! 


Neither the bureaucrat, nor the elected representative, however, is a 
completely neutral broker. Officials are still people(!) and they will have their own 
consensus, determined at any point in time by the forces in their environment. Access to 
officials is therefore very important. 


Whoever the decision makers are, their mental processes for political 
inference must gather in the perceptions resulting from scientific assessment and 
public/market choice and combine these with the standards of behaviour implicit in laws, 
policies, precedent and practice. The conclusions reached will determine the condition of 
Civil order, the process of civil government, and the interventions imposed on pu- 
blic/market choice for the greater good of society. 


If risk management is to be successful in assessing and controlling human 
activities so that essential ecological processes and life support systems are sustained, 
these three rationalities must be recognized and applied. The Risk Management approach 
accomodates all three of these reasoning processes. 


Annex 4 describes "a widespread intellectual error in the conceptualization of 
the environment-society relationship". It proposes that many people in government, 
economics and public affairs conduct themselves as if the environment were "an element 
in the context of human affairs" - something to be exploited rather than nurtured. Yet, it 
Proposes that these same people would probably claim to support the reverse perspective: 
"human affairs are an element in the context of the environent". --— "When we look at 
the heavens and back at ourselves, we take our place --- within an encompassing 
environment". 


Generally, participants did indeed support this second perspective. However, 
most also felt that the concept of management implicit in this document is one of 
nurture, and is consistent with "our situation as active participants in the biosphere". The 
reader is invited to make an independent judgement! 
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Roles in Risk Management (Figure 2) 


Stage | - Consensus on Priorities 


The first stage of decision-making for risk management involves consultation 
to identify problems and set priorities. This consultation may occur spontaneously as a 
result of interacting social or market forces and the sensitivity of politicians and 
bureaucrats to public pressures. Alternatively, the process may take place in a more 
structured way under the guidance of government. Whether spontaneous or deliberately 
structured, stakeholders and publics provide their perceptions of the condition they are 
and would like to be in, and scientists supply their estimation of the present and future 
condition of society/environment. Through consultation a consensus is reached as to 
which objectives are most important and which are not being met. Guidelines could be 
established to indicate what measurable level of environmental quality is desired. 


Within government, line departments should be responsible for establishing 
communication avenues to draw in scientific (social and natural) assessments and 
public/market choices. If publics do not know that priorities are being negotiated, or do 
not know who to contact, or do not care enough to come forward, the range of 
participants may be biased, and the quality of all subsequent elements of the decision 
process will be jeopardized. The best system imaginable cannot do much if it is 
addressing the wrong problems. 


Stage = Decision Analysis 


Once a consensus has been reached as to which social/environmental problems 
should be addressed, the decision analysis can proceed, using the classes of information 
and reasoning processes already discussed. 


The multi-attribute utility framework describes a general procedure for 
decision analysis. However, by deletion of various elements it can easily be converted to 
more traditional approaches. For example, if all monetary attributes are combined into 
one number, and all non-monetary attributes similarly combined then the model reduces 
to cost-utility analysis like that frequently used in health care evaluation. If all 
Consequences except one are valued in terms of dollars, the model becomes cost 
effectiveness analysis. If all consequences are given dollar values, the result is cost- 
benefit analysis. If only one option is considered (as in whether or not to register a 
specific use of a pesticide) and the positive and negative consequences (of pesticide use) 
are expressed in a common unit, the model becomes a "simple" risk/benefit analysis. 


Stage 3 - Decide, Implement and Evaluate Social Action 


The multi-attribute utility framework provides an analysis of the information 
available. It does not remove the necessity to have a clearly defined decision-maker. 
Some person or group must take the responsibility and decide. Most important, the 
decision maker should have the authority to ensure that action is taken and evaluated. 


However, as a safeguard to ensure fairness, a clearly defined avenue of appeal 
should be available. 


Figure 2: Roles in Risk Management 
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Uses of the Framework 


This framework for the analysis of policy and intervention options does not 
make the decision for you. It can, however, contribute greatly to the efficiency, 
effectiveness and equity of the decision by displaying very clearly the players, the factors 
considered and the assumptions made. 


The framework need not be used quantitatively. Indeed, participants at the 
Workshop felt that the quantification and scaling of estimates for environmental 
objectives is often beyond the capacity of current scientific techniques. However, 
qualitative assessments could be displayed in the same framework and achieve the needed 
clarity of analysis. 


The multi-attribute utility framework has found three additional applications 
in practice. First, it has been constructively used as a consultative tool. The framework 
clearly identifies the dimensions of the decision: attributes at risk, constituencies 
participating, weights of influence, policy (intervention) options, predicted positive and 
negative consequences, perceptions of the importance of consequences and the sensitivity 
of the final outcome to uncertainty. By breaking the decision process down into these 
more manageable components, and building consensus on one element at a time, progress 
towards a legitimate solution is greatly facilitated. 


Second, describing the decision process as a sequence of discrete steps 
provides the basis for sensitivity analysis. Steps where the range of uncertainty makes a 
critical difference to the final decision can be identified and researched further. In this 
manner the framework provides an objective approach to defining research needs and 
directing resources to the generation of the most crucial information. 


Third, the intervention most likely to have the desired effect may be put in 
place first. After a delay sufficient to allow the intervention to take effect, re- 
assessment would then provide more accurate insight into the need for additional actions. 
Such step-wise management can be more efficient than attempting to solve all aspects of 
a complex problem at one time. 


Overall the multi-attribute utility framework provides a useful tool for 
organizing and displaying the information involved in risk management. The framework 
accomodates disparate value judgements with respect to the importance of changes in the 
various social, economic and environmental factors at risk. Predictions are made about 
both the consequences and legitimacy of management strategies, and finally, uncertain- 
ties can be converted into guidance for further consultation, research and intervention. 


Limitations of the Framework 


The heavy demands for consultation, consensus-building and scientific predic- 
tion may be considered a drawback. In some situations much simpler analyses may 
suffice. However, when uncertainty is high science cannot substitute for consultation and 
the pooled wisdom of concerned constituencies. Further, if uncertainty is high, legal and 
regulatory approaches with specific punitive measures for defined behaviours are inappro- 
priate. How can punishment be justified if the occurrence of the "crime" is uncertain? 
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This is not to suggest that regulation has no place in environmental 
management. A double-barreled approach can be effective. If an estimate of risk 
exceeds a critical level, regulations may be enforced. But within a lower range of 
possible risks, negotiation and consensus building could take over. (This approach has been 
used in Canada with respect to water & air quality objectives.) 


Environmental quality guidelines may be used to trigger in-depth assessment 
and review. If meeting the guidelines imposes significant hardships, stakeholder negotia- 
tion and consensus-building could be used to find a legitimate solution. Broad national 
environmental legislation and policy is required to guide the resolution of disputes. 


One limitation of consensus-building processes has been debated since the days 
of Plato. How can the integrity and objectivity of advisors be ensured, in the face of the 
Oppoutunity to provide self-serving advice? If a toxicologist recommends a great deal 
more toxicological research, who is he serving? If industry recommends a solution that 
increases the immediate return on investment of shareholders, is the advice to be trusted? 
No absolute solution has emerged. 


Openness of the decision-process and display of all the elements will make 
publics accountable in the eyes of their colleagues and peers. But if participating publics 
are selected on the basis of their social influence or the size of the "stake", the consensus 
that emerges is very likely to reinforce the status quo or even focus more sharply on the 
values of the powerful, without triggering negative peer pressure. More equitable 
solutions are likely to be found when community leaders, and publics who are not direct 
stakeholders have a strong voice in the consensus-building. 


Consensus-building, like voting, is subject to deliberate "gaming" -misrepre- 
sentation to achieve winning coalitions. Playing upon human sensitivities and crowd 
appeal, or keeping information secret in order to cajole, embarrass or entrap people into a 
Coalition is an old, and human, occupation. However, practitioners should be very 
cautious. Except for the very short term, openness and integrity have proven their worth! 


Risk Management in the Canadian Setting 


Scientific and Technical! Input 


The scientific approach involving iterative observation, induction and deduc- 
tion, and hypothesis testing is commonly used as the starting point to estimate, 
understand and evaluate the conditon of society in the environment. 


The scientific data base generally has two components, one resulting from 
"basic" studies of cause/effect relationships, and the second arising from specific studies 
designed to shed light on the particular problem at hand. However, some issues will be of 
immediate concern requiring urgent evaluation and action. Decisions will have to be 
made without the benefit of special research. The decision that the evidence is sufficient 
to warrant action is a political one with a significant intuitive component. This decision 
should remain the responsibility of elected representatives. 


In any scientific analysis there are biases and uncertainties and the data should 
be presented in association with: 
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- the assumptions implicit in predictive models; 
- sources and degrees of uncertainty. 


It was considered imperative that scientific data be openly published to allow 
peer review and avoid the inevitable bias of closed communities. Time is required for 
dissemination, consultation and the resolution of different interpretations of the data 
sets. It might be efficient to establish a "science court" to formalize and accelerate the 
consensus-building process which contributes the scientific understanding needed to assist 
the resolution of a particular issue. 


In many public policy decision processes, the scientific understanding becomes 
diluted and befogged as each layer of authority adds a new (intuitive) perspective. 
Scientists, perhaps because of their highly formalized rationality, find it difficult to 
communicate with publics and officials, and their particular insights and perspectives 
often either do not become a part of the overall decision at all, or reach the public after 
additional rounds of re-packaging by officials or the media. There is a real need to 
improve the public communication of science. The scientific community needs to lead 
itself out of isolation. 


The Associate Committees of the National Research Council have attempted 
to provide a forum for the scientific input to priority setting. As a Crown Corporation, 
NRC operates at arm's length from the sectoral interests of any particular federal 
department. It had gained the confidence and respect of the scientific community and 
had both the in-house expertise and the external network to function effectively. These 
Committees were supported by a secretariat and a contract fund to establish scientific 
criteria for environmental quality. Unfortunately, this fund, along with its special 
secretariat have been cut. Workshop participants strongly recommend that the scientific 
consensus - building function be strengthened, and that much improved communications be 
developed with the line departments responsible for implementing interventions. 


Values, Perception and Communication 


The general framework for risk management (Figure 2) calls for the inclusion 
of risk perception whereby publics intuitively estimate, understand and evaluate the 
condition of society in the environment. The workshop participants agreed that 
opportunity for publics to make such input should be regarded as a fundamental right, 
accompanied by full disclosure of information in so far as legally possible. While a range 
of modes for public input (hearings, questionnaires, conferences, private interviews) has 


stl lnc out, the need to develop new ways to reconcile conflicting perceptions was 
identified. 


Grass roots development of a better understanding of risk and uncertainty 
through a range of educational programs and school curricula was advocated. It was 
agreed that "stewardship" can only become effective when there is a genuine environ- 
mental ethos involving trust and partnership between government and publics. As a first 
step it is important to ensure that procedures and points of most effective public input 
are Clearly defined and understood. 


It was recognized that public consultation is itself expensive and that public 
debate of uncertain risks will generate a further social cost in the form of anxiety. 
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However, the Workshop agreed that public participation was fully justified by the benefits 
of confidence, security and sound decision making. 


Federal/Provincial Partnership 


In Figure 3, one possible allocation of responsibilities is presented. This model 
suggests that the federal government should lead a program of consensus building with 
respect to social/environmental objectives. In addition the model burdens the federal! 
government with developing broad national legislation and policy outlining the rights of 
Canadians to environmental quality, with monitoring and reporting on the state of the 
environment nationally, and with the preparation of more detailed guidelines setting out 
national environmental quality objectives and indicators of achievement. In all of these 
responsibilities, the federal government has final decision authority and provinces 
participate as stakeholders. 


In this model, the provincial governments provide the operational arm of 
environmental stewardship. Provinces monitor and report on the state of the environment 
Provincially and set priorities for taking action in the best interest of communities. 
Provinces manage the problem-solving stage, administer the process for decision analysis, 
have decision authority and administer relevent legislation. The federal government 
would provide an avenue for appeal of disputes between provinces, and disputes over the 
interpretation of national legislation, policy and guidelines. Any "public" would have the 
right to appeal through the federal government. 


A number of participants at the workshop saw this division of responsibilities 
as turning over the federal role to the provinces, risking a loss of equity and the 
emergence of pollution havens. 


As an alternative, it was proposed that both federal and provincial govern- 
ments could retain operational responsibilities. Integrated management could be achieved 
using CCREM as a forum to negotiate agreements. A Water Commission composed of 
representatives of both levels of government, industry and selected public interest groups 
would provide advice to CCREM. However, by its very nature, integrated management 
provides no final authority, and decision-making can grind to a halt. 


While participants were unanimous in supporting the need for national equity, 


with respect to environmental quality, they did not feel that the group had the expertise 
needed to reach a conclusion about the division of federal/provincial responsibilities. 


Conclusions 


Structure of Decision Processes 
- In environmental decision-making uncertainty is the rule not the exception; 


- The ingenuity needed to improve the quality of life arises from three reasoning 
processes: scientific assessment, public/market choice, and the political inference 
which places the interests of society above the interests of particular publics. 
Decision-making should draw upon all! of these reasoning processes. 
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Figure 3: Federal/Provincial Partnership for Risk Management 
Federal Provincial 
Government Governments 
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Three imperatives for responsible social action are recognized: a consensus on 
social values; cooperative analysis and prediction of the consequences of 
intervention; and effective procedures for adjusting human activities. Decision 
processes should include the institutional arrangements and access to expertise 
needed to satisfy these imperatives. 


Decision-making should include consideration of: the identity and weight of 
stakeholders; social, economic and environmental objectives; intervention options; 
predicted positive and negative consequences of options; public perceptions and the 
legitimacy of consequences, and the sensitivity of the final decision to uncertainty. 


A clearly identified authority should be responsible and accountable for ensuring 
that decisions are made, implemented and evaluated. Procedures for appeal should 
be spelled out. 


Risk Management Policies 


Policies to guide interventions in human activities should recognize the equal right 
of all Canadians to environmental quality, and recognize the need to maintain 
essential ecological processes and life support systems. 


When uncertainty is high, public policies for risk management should (1) define the 
"due process" for decision-making as well as (2) provide guidance for resolving 
specific cases. 


Both the guiding policies and individual risk management decisions should consider 
the consensus developed through consultation with stakeholders and expert advisors. 


Individual decisions should serve the interests of communities and take both positive 
and negative consequences into account. However, such decisions should be 
consistent with national environmental legislation, policies and guidelines. 


Federal/Provincial Roles in Risk Management 


Two scenarios for the allocation of federal and provincial responsibilities were 
discussed without choosing between them. 


(1) The provincial governments could become the operational arm of 
environmental stewardship and administer procedures for risk management. 
The federal government could function as arbiter of disputes and ensure 
national standards and equity. To achieve this separation of currently 
overlapping responsibilities, the federal government would have to delegate 
some of its authority to the Provinces. 


(2) Both federal and provincial governments could have operational roles in risk 
management. A Water Commission with members from both governments and 
appropriate publics would negotiate the distribution of responsibilities. 
However, unless all governments delegated their decision authority to the 
Commission there would be no accountable authority. 
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Improving the Legitimacy of Risk Management Decisions 


~ Institutional arrangements are needed to negotiate a consensus on priorities for 
social action. Improved measures of the health of ecosystems are needed. Perhaps 
most important is the need for improved communication between governments, 
stakeholders, experts and the public at large. 


- Legitimate environmental stewardship will require a deep-rooted social commitment 
to sustainable development. This social commitment should be supported by 
improved methods or risk perception and the resolution of conflicting perceptions; 
educational programs to display the interactions between human activities and 
natural phenomena; and school curricula to develop better understanding of risk, 
uncertainty and probability. 


- Trust and respect for public policies will require the greatest possible openness and 
the full display of the elements of decision-making. 
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ANNEX 1 
ISSUES AND QUESTIONS FOR UISCUSSION 


Ms. Makcta VALIANTE 
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ToRoNTO, ONTARIO 
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Dr. Carolyn Miller 
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Environment Canada 
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Dear Dre Milter: 


As requested, I am sending a short paper of issues and 
questions for discussion at the Water Inquiry workshop 
On risk management. I hope the questions are helpful in 
showing you some of our concerns with this issue. 


I look forward to meeting you and participating in 
the workshop. 


Very. truly. yours, 


Marcia A. Valiante 
Director of Research 


Any consideration of the effects of water management options 
involves a consideration of the problem of risk and its 
Management. Risk management is a term which has come to mean 
the quantification of risks associated with exposure to toxic 
chemicals ("risk assessment") and the determination of an raccepes 


able" level of risk from such exposure ("risk management"). 


Risk assessment is sometimes called the "Scientific" part 
of the process and risk management the "political" part. It is 
important in any discussion of these issues to consider the 


degree to which these can be separated and their interrelationships 


The array of risks to which we are exposed raises the 
need to regulate in the face of a great deal of scientific 
uncertainty. This need, and some of the techniques of quantitative 
risk assessment being applied in the U.S. to address this need, 
raise a number of ‘issues set out below which could be addressed by 
the workshop when discussing changing institutions to deal with 


these questions. 


Obviously, in any regulatory decision such as standard 
setting for exposure to toxic chemicals, the most complete 
information available should be used. One of the most important 
problems with using quantitative risk assessment is the lack of 


data and the limitations of the methods used to gather data. 


Given the limitations of these methods (such as reliance on 
Single chemicals, emphasis on cancer, etc.) what kind of 
information should be required (for example, should there be 
both positive animal studies and epidemiological studies 
when regulating cancer risks) and to what degree should information 


be made public and tested through a peer review process? 


In considering changes to the regulatory process, the 
question of who should participate becomes important, particularly 
when issues such as how conservative to be in estimating and 
controlling risks and what is an "acceptable" level of risk. 
pecan the secrecy ef existing processes such as that for setting 
national air quality objectives (where the objectives are set by 
government representatives whose recommendations and information 
leading thereto are not disclosed to the public), to what extent 
should the public (who must bear the risks of regulatory decisions, 
often disproportionately to the benefits accruing) have a right 


to participate in such decisions? How credible are regulatory 


decisions which exclude the public? 


Given the large degree of uncertainty surrounding risk 
assessments, what is the appropriate role for risk assessment? 
Rather than enshrining a given level of risk as the basis for 
decision-making, is it more appropriate to use the methods as a 


way of setting priorities among a group of pollutants for further 


assessment and regulation? 


A further question is should regulators be trading lives and 
health off against the costs of pollution control or moving to 


eliminate risks to the extent possible? 


Because of the interrelationships among all parts of the 
environment, is a multi-media (air, water, land) perspective on 
risk and control of risk necessary in order to manage risks to 
water quality from persistent toxic chemicals? How can 


regulation on this basis be accomplished? 


The foregoing are some issues and questions of importance 
on risk assessment and risk management respecting water 
management. I look forward to discussing these and other issues 


at the Workshop. 
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Plivstrative: Exercise in 
Multi-Attribuce Utility Theory 
Applied to 
Federal Water Policy 


North Gower, Ontario 
February, 1985 


Purpose of Exercise 


All numbers in this example have been subjectively 
estimated by a non-expert in water policy and ape 


arbitrary and debatable.., They are intended to show how 
a possible application of the MAUT technique might 
proceed. 


POLICY Alternatives 


1. Tough, “specific, effluent standards fOr large industriat 
polluters. 
2. Sale of pollution rights (by periodic auction) set £0 


effect the same water quality level as inl. 


36 “Effient charges on all ‘polluters leading ce lower wae. 
quality than in dy. and 2. 


4. Minimal regulation of pollution, encouragement of such 
adaptive measures as swimming pools and imported 
Grinking water, and education of the public on 
precautions to reduce health nazards. 


Constituencies and Their Weights 


l.  Masor polluting industries (0.2) 

2. Farms (0.1) 

3. §High environmental concern (0.2) 

AL e-Otners: (0. 5)) 

Attributes 

1. Annual direct cost or gain to Government (100 = gain of 


$3) .DlLhVone Ol=—Ccosthicr oo tpl rom): 


2. Long-term effects on GNP (100 


= 5 percent increase over 
continuation. of status quo, 0 = 1 


O percent decrease). 


3. Effects on industrial profits (100°= 10) percent increase, 
O = 10 percent decrease). 


4. Effects on agricultural “profits (100"="]0 percent 
increase, 0 = 20 percent decrease). 


5S. Level of governmental intrusiveness (100 = industrialists 


and farmers not having to spend any time interacting 
with Government officials, O = farmers and 
industrialists having to spend 10 percent of their time 
interacting with and awaiting approvals from 
Government). 


6. Water quality for outdoorspeople (100 = Canada in 1492; 
40 = 20 percent of surface water being drinkable, 30 
percent being swimmable but not drinkable, and 50 
percent being unswimmable in regions with over 100 
persons per square kilometer; O = no water of swimming 
quality in these regions, considerable travel required 
for camping and fishing in undespoiled areas). 


7.  Carcinogesis and teratogenesis (100 = 10 percent decrease 
in incidence from status quo, O = 20 percent increase). 
8. Other water-borne morbidity (100 = 10 percent decrease, 0O 


= 20 percent increase). 


9. Near-term disturbance of ecological systems (100 = no 
disturbance, O = reversible eutrophication of 80 
percent of the surface water in regions with over 100 
persons per square kilometer). 


if. Threats. to tie long-term stability and cexistence of 
ecological systems (100 = no threat, O = substantial 
irreversible changes or destruction of ecological 
systems in 80 percent of the land and water area in 
regions with over 100 persons ver square kilometer). 


Illustrative calculation of first whole-population attribute 
weight: 
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Illustrative calculation of first overall value of a policy 
alternative: 
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BACKGROUND NOTES ON RISK PERCEPTION 


Anne Whyte 
Man and the Biosphere Programme 
Unesco, Paris 
Pe be TN we 

Ly Velie ons 
2. Risk perception compared tosriskvanalysis 
a. Psychological aspects 
ae Soc iplcgical aspects 
e, Characteristics of thethazard 
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Two Major policy Questions 


}.. DEFINITIONS 


oy 
he 


Racik percepeson 


Risk perception is the process whereby risks are subpgectinvelsy, 
or intuitively, estimated, understood, and evaluated. Although 
the term is often associated with lay people's assessment of risk, 
scientists and policy makers also estimate risks iNnLuUttavely. 
especially when they are outside their own areas Ol. “EX pertcise . 


ise Public perception fone seals 


The public perception of risk is a concept, more uSseiul to public 
policy than to science, which seeks to capture dominant views 
in society about particular risks. Since the main tool ror €stima- 
ting public perception is the social survey, the measure is almost 
always perception of a specified risk or class of risks (eg dam 
burst, dioxines in drinking water). 


Risks have to become public policy issues before public percep- 


tion. of them is. surveyed. By that time, information about the 
risk and/or related events, have reached the public through mass 
media. Inevitably, therefore, public risk perception, as measured, 


tends to reflect the way the issue has been addressed in the mass 
media, and is highly sensitive to hazard and media ‘events’. 


Ae RISK PERGEPIION COMPARED TO RISK ANALYSIS 


The simple physical model of risk used as the starting point 


in much risk analysis (Risk= probability x consequence) is inadequece 


for risk perception. The reasons include the following: 


(a) there are limits and biases inherent in human information, 
processing, whieh. parulcular ky ByMiteiens the subjective 
estimation of probabilities; 


(b) the usual measures of consequence (deaths, dollars Jost; 
person-days of work lost) assume that. people perceive 
all ways of death as equal, and al? Vives equal in value, 
which they are not, (ef: ‘long spainful., deata ) vs. quick 
heart attack; death vs. grea physical incapacity, death 
of breadwinner vs. child or grandparent); 


(co) bo-cdoes not account for the fact that similar consequences 
Gpicn fave car enenen Calece ak Here eiaved dirferenuLy 
in terms of their pubes aéeeptabidity, cis ala eer eG ms 
Aet of God, managerial incompetence, inequitable po Lacy is 


(ay At idees' mot provide for the changing relationship between 
the probaba wiry and consequence expressions, as (Ves Con= 
ceivable consequences increase, the salience of DredvabiS 
lities deceases until in the case of the worse case scena- 
rio for catastrophic events, it reaches vanishing point; 
what is possible becomes more important than ‘whether 
Wedaiss yepqeyecton kes 


It is more useful ta view these elements in risk perception, not as Ehe 
idiosyncracies of the ignorant, but as challenges to the scientific and policy 
communities to improve their own measures of risk. 


3. PSYCHOLOGICAL ASPECTS 


321 “Perception of probability 


More attention has been given to the perception of probability 
than to the perception of consequences in risk perception researcn, 
parteroulariy. Dy. psychologists, probably because perceived proba- 
bilities are more easily quantified and compared with morcality 
and morbidity statistics. 


Experimental findings indicate Civat.: 


(a) “people stend sto underestimate the differences in [proua= 
bilityve between. Low and pie 1 requency racks rh VOtCner 
words) Sthne.~ range7oL perceived probabilities is narrowed 
compared to statistical data, frequent causes of -deatn 


ae 


(cancers, heart disease) .ar¢ ‘underestimated. and -infre- 
quent but.dramatic causes of death (floods) are cxagge- 


rateux 
Cb People otend: lomundcres amare pevenisurtiiavearc. sLognastic 
imnicowmparisoplitosecestain..evenrtes| ferospec Retncery je 
(ejertnen “errors In supiechive sprobabiiitics -aren.due. to 


Ccertaing# \Aamitatvaons  drmiunuman ‘intormatbion ..processing . 
These include Neunistic whases esucihiivcas representatimencss, 
(gambler”s fallacy), availability, and anchoring: cer- 
Boiney wand. solation, el Lects: 


3.2 DeeTsionol faming 


FOrPTdecisions made  undertuncertainty ,~the’/ frame’: of “the ateci- 
sion (what “is limeludeds whatvis exchuded}) «powerfully affects.-the 
GnN6ices "SErraved: at. Forsrexeamp le, snen=users of4 seat pelts» were 
Farce oro tirame: their) Gecisiom 2nt Vernissol ) masks death sper andi— 
Midual trip Ai -in 3.5 million for USA). whereas; usersud pamed) qeneay 
Becasion Tin. terms of the risk over “their whole »lifetime (1 cin 
1000). One mr the mest: spowerfuns roles =.o1 ihe, mass -media, and 
gr Task Seoucationi” 2s mo--antbuences che -decision-frames.-of#- the 


public. 


ted PEreepi son OF uncertainty 


Several psychological’ responses sgarnc AnoOwWwnpstO. cope «with the 
nroplen or uncertainty. “Theses inelude- 


(ad tes perceiver events Msi alling inte aypeartern. THiS. 2aves 
the andividual reais sensescofs controk: over -he «environment 
anaethnat heltecls We canrpredict ors expect whenethe next 
event will occur. it is @ common phenomenon Anygtnie, per— 
ception of floods. 


(6f°4P Beaple feel control, the lever of risk that they tind 
acceptable is generally higher (voluntary-involuntary 
dimension). 


3.4 Perception of hazard cause 


An important aspect of the psychology of risk perception for 


Salicy igecthereffect: of attribution of causality: The scientific 
distinction between ‘'natural' and 'man-made' does not necessarily 
concide with perceived causes: Hazvarnds euch as) Tleocds arc, increas 


Singly viewed by the North American public as man-made rather 
than Acts of God. 


Experimental studies have shown that initial perceptions about 
cause and effect are remarkably resistant in the face of later, 
conflicting information. 


oD. LErCepuson Of benelrie 


It 4s axiomatic that people will accept Nigmem yr sk ie they 
are compensated with higher benefits. “The question is oneal dc. s von. 
framing; what costs and benefits (and to whom) are included in 
the equation? Social surveys indicate Chavet Enea puUpiwe —cCanimake 
trade offs between, for example, economic growth and environmental 
protection. However, where health risks, suchas ‘drinking walter qua= 
tye sare concerned,  the® public’ VGemtiis UsuvawLy tO) PECGUCe sricKie 
even at the costs of also reducing “beneLits® 


4, SOCIOLOGICAL ASPECTS 


There is evidence of broad socio-economic and demographic 
differences: in Tisk perception. These “patterns are more consis — 
tent for the knowledge component of public perception (men, younger 
people, better educated usually have more iImfpiormat fon.) sthanethey 
are for the emotive,- anxiety component (although generally snwomen 
and especially mothers with ‘yoling children)° express, most (concern 
about risks. 


Regional differences “across ‘Canadavare’ 1ound efor "perception 
of certain risks reflecting differences im publica ponacy cazendac. 


HT ROMEO aUnimOrmacaeOh man Gmmas sme Gera 


A distinetion needs to be drawm between direct and “indirect jin-— 
formation; wherever a hazard remains below human sensory perception, 
the role of information, ‘especialay” mass mediay reports (beconces 
Magnal ted. Credibalaty an’ the “source of the anfermavaon catiects 
how at is received, and this is ‘particubartyoa’ problem for 'governmen = 
Although “the pubtic ymay recognise” that= journalistic: accounts oF 
events may be biased3 > they often fee that) therer as something 
ine them: 


ee: Expectations ofsigovernment 


Tre “perceived “problem “agendas varies with thhewlevel “at which 
the DuDIIC Teel responsibility for action Imes? Thvsvhealth issseen 
as an individual problem whereas environmental quality 1s -seen 
Mainly as a community and provinciYal-responsidbility. 


There is ‘a mismatch between public espectations of sthe federal 
sovernment’s capability to solve major national problems and public 
€évaluation “of the “way problems have ibecn Viandied® aim thee past. 

However, ‘the Canadian "public expects theligovernment tol protect 
Enem-bpy regulating risk. 


4.3 Historical dimension 


. itt, 1960 or? exvenein 1970, the term ‘risk assessment’ was unknown 
Lo, Une general. publicivin Canadas, withinem@u-I5 yearns: the. public 


has become aware of risks aS a group of phcnomena. 
risk-conscious, and they belicve 


risks today than in the past, 


5. CHARACTERISTICS OF THE HAZARD 


The characteristics: of 


sf 


risk. its ~maenituagG. “Trequency, 


e¢ause and impacts, interact with the psychological and sociological 


Pitensions in ~misk-perceplicn. 


Thus 


the risk “of fio00dine and 


tne risk of chemicals “am drinking water are “both water related, 
bat there ene ssimidaraty, for rask perception ends. 


CHARACTERISTICS OF RISKS WHICH AFFECT PERCEPTION AND “RESPONSE 


Higher Salience 


High probability 
Recurrence interval within 
living or historical 

memory 
Expected to occur soon 


Extreme event 
Imaginable/definable event 


High consequences 


Direct impact on people’s welfare 


Loss of human life 
Identifiable victims 
Impacts grouped in space/time 


Reasonably certain to occur 
Effects/mechanisms understood 
Dramatic impacts 


Lower Salience 


Low probability 

Impacts not previously 
experienced/long time 
in past 

Longer time in future 


Lower variability from norm 
No clear beginning/end 


Lower consequences 
Indirect effects 

No human lives lost 
Statistical vacbhims 
Impacts random 


Uncertain/controversial 

Effects/mechanisms not under- 
stood 

Less perceptible impacts 


Aevesy BEE KEEPXe 
that they “ere expoced to more 
especially "chemical sriske. 


6. DATA LIMITATIONS 


Data on risk perception have been obtained primarily through 
three methods: 


a) laboratory experiments such as those conducted 
by social psychologists on heuristic biases; 


b) field studies, Such “as ‘these “carried out yD, 
geographers on perception of natural hazards in 
tornado Zones, s. OodDlains evc. 


eG) social ‘surveys, <such as those .conducveds Dy 
sociologists and public polisters on national 
samplers of the population. 


Fach of these methods brings with 10 various sirengrisy and 
weaknesses, of which policy makers should be aware. 


7. TWO MAJOR POLICY QUESTIONS 


72d If tpuplic Tiski perception 1s (to De geime Tdeds ay Gish 
assessment as public policy in a more formal way than it is at 
present, major questions are: 


(a) how to measure public perceptions? 
(pl how to reconct ie cont lictineg percepricns. 


(ce) how to weigh public perceptions versus) scientifisc, 
“expert! opinionand other inputs to publac policy., 


(.e Should risk assessment include the costs )rots.~perceivicd 
risk (ie. enxiety before the event; alienation from government 
and society)? 


Some of these costs of perceived risk are” theoretically 
measurabre in dollar costs, such as reduced productivity through 
anxiety and increased government spending for public participa- 
tionyinspolicy making. 


Even where dolilam values cannot be assigned, tnere are 
social costs to risk perception which can be enumerated separately 
from economic accounting. 
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Gaining 
Perspective on 
Environmental 


Issues: 


A Fresh Look 
at Familiar 


Problem 


A Personal Account by Gail Stewart 


The Environmental Challenge 


think the environmental challenge 

is recognized by all of us but it 

has been hard to know how to 
respond effectively. The incidence of 
environmental problems is widespread 
and some are of long standing, the 
risks are unknown but potentially very 
high, and action on specific issues Is 
often in conflict with economic 
practice if not economic imperatives. 

The situation | found, as | became 

interested in environmental issues and 
was invited into projects where people 
were addressing them, was almost 
invariably one of some agitation. 
Someone, usually a natural scientist, 
or occasionally a native person, was 
obviously concerned, and alleging that 
something was deeply wrong with the 
way we were thinking about 
environment. Others, including often 
other natura! scientists or social 
scientists, were trying to respond but 
the responses were obviously not 
satisfactory and no dialogue resulted 
which was meaningful to both panties. 
It was clear that we had here a case of 
differing perceptions, that were 
apparently difficult to communicate, 
but | was unable to pinpoint the 
source of the difficulty or provide a 


bridging perception. 

As | listened to people discussing 
the problems that they saw (and the 
work | was doing in the community 
and for Environment Canada provided 
an extraordinary occasion for talking 
with many people on the question of 
the relation between environment and 
economics) | was struck by the 
different meanings which people gave 
to the term environment. to some it 
was an all-encompassing reality, to 
others it was the great outdoors, and 
still others would distinguish natural 
systems from man-made 
environments. Others saw it in human 
value terms, as resources or amenities 
or unwanted goods such as pollution. 
And ali of us referred to it differently 
on different occasions. Further, it was 
the subject of advocacy, intervention, 
regulation, moralizing, threat, 
management, charity and nurture in a 
bewildering array of policies. 

Eventually | was able to make a 
distinction helpful to me (a distinction 
originally developed for use in other 
fields), and began to use it Working 
as a member of the community with 
Environment Canada, | was able to 
demonstrate how the Department, by 
its manner of thinking at the corporate 
level if not in every program, had been 
taking one approach to the 
environment when it might have been 
taking another that would have been 
much more powerful and allowed it to 
pursue its mandate more effectively. In 
other projects too, | found that | could 
see more clearly how progress might 
be made. It become apparent that 
much of what we were doing with 
respect to environmental action was 
dealing with symptoms, and dealing in 
increasingly risky ways. It appeared to 
me faster, more effective, and more 
pleasant progress on environmental 
issues might be made if we were to 
address quite directly the core of the 
underlying problem, which was a 


SS LNs a ea eee eters a es ge ee eS 


FOCUS 


GAINING PERSPECTIVE ON ENVIRE INMENTAL ISSUES CONT 


idespread intellectual error in the 
onceptualization of the environment: 
ociety relationship. The analogy that 
nmediately came to mind was the 
eld of health care, where fostering 
ersonal health and fitness may be 
aster, safer and more effective in the 
ong run than continuing to fight 
ickness without attending in a prior 
vay to health. 


The Finding 


The finding itself concerns a distinction 
n the point of departure that we use 
n the logical construction of our 
approach to environment and it may 
ne stated succinctly. For purposes of 
government, economics and public 
affairs generally, and in our daily lives, 
we have been approaching 
environment as an element in the 
context of human affairs. However, 
each of us if asked would probably 
say that in truth human affairs are an 
element in the context of the 
environment, and in this we would 
have the support of the natural 
sciences. From this perspective we 
must then be seen as making a 
fundamental error when we fail to take 
a priori account of the environmental 
context of our personal and social 
context. 

The constructional logic itself is 
profoundly simple. Suppose, for the 
purposes of example, we take 
economic activity as the sort of 
human affairs with which we are 
concerned. Let economic activity be x, 
and the environment by y. Now 
consider whether, for practical 
purposes, y should in the first instance 
be considered a component of x or x 
be considered initially as component 
of y 

Most of us, it appears, hold in our 
minds and use both models. In oné 
approach envronment takes its place, 
slong with other current Issues, as 
presenting a set of problems we must 


address and act upon. In the other 
approach, familiar to geography 
students and in television 
documentaries on the earth and its 
history and available to us when we 
look at the heavens and then back at 
ourselves, we take our place, whatever 
else may characterize us, as elements 
within an encompassing environment 
Both personal and public policy-making 
would be improved by the 
cross-substitution of x for y. This 
suggests that consciousness-raising 
and the practising of new perceptions 
would be a much preferable thrust for 
environmental! policy than the extension 
of regulation in a context where the 
error remains in place. The former 
course leads towards the nurture of 
the environment, the latter towards the 
highly risky activity of global 
environmental management. 

Each perspective is familiar as a 
starting point for thinking about 
environment. A sequence of decision- 
making that begins, however, by 
seeing environment as component of 
the economy, and for convenience 
deals with environment under the 
separate categories of resource issues, 
amenity and conservation issues, and 
pollution issues, (which is the typical 
way that environment is currently dealt 
with in economic and government 
and household decision-making 
processes in Our society), actually 
creates risk: the risk that we will 
pursue management rather than 
nurture — that we will fail to see the 
forests for the forestry. (1 have argued 
in another context, for example, that 
the creation of the new federal 
department of forestry !s probably a 
good idea, provided that everybody 
understands that this does not relieve 
Environment Canada of its supervening 
responsibility for forests.) 

Clearly, an approach which places 
environment as content rather than 
context for the economy is inferior in 


terms of both science and popular 
understanding to one which begins by 
acknowledging the ubiquitous and 
encompassing character of 
environment. An approach which 
addresses first the condition of our 
common estate and ourselves as part 
of it before turning to specific 
economic issues involving aspects of 
the environment seems Clearly 
preferable. To proceed otherwise 
would now not only be identifiably 
irrational but would sustain and 
deepen present risk and invite ever: 
greater risk-taking. 

The argument has immediate 
implications for the sequence of 
agenda items at meetings, for the 
directions of research, for the further 
development of public policy an 

corporate and government planning, 
for household operation, for 
environmental education, and for 
almost every other aspect of our 
affairs. It appears that we have known 
about our situation as active 
participants in the biosphere for many 
years but have not imported this 
knowledge into the logic of our public 
and private decision-making processes 
in consequence of the point of 
departure we have used for our 
contextual logic. With the appropriate 
first step in the contextual logic 
missing from our mental and 
symbolic models of the world; our 
environment has tended to remain 
invisible in our day-to-day 
decision-making and we keep 
forgetting where we are, at home in 
the thin skin of a spinning planet 

The communications problem 
between our agitated natural scientist 
(or native person) and the rest of us 
has persisted because, while we have 
both been talking about x and y and 
using the same works, we have not 
stated from the same implicit 
contextual relationship between x and 
y. It is a familiar problem in 
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inter-cultural Communications, now 


applied to environment. A 
cross-substitution of contexts (for 
example, economics and environment) 
is the intellectual work that now calls 
us, with its associated process of 
language generation. (The activity 
would probably benefit from being 
given an appropriate name.) 

Further, it seems clear that for our 
own Safety if nothing else we must 
develop a global metaculture that, for 
initial puposes at least, sees x in the 
context of y. We need to practice 
talking about and seeing ourselves in 
environmental perspective. That will 
serve both the environment and 
possibly even a product of it 

The rare individuals in our society 
who against all odds have retained or 
developed that perspective may be 
able to help. For the most part, 
however, we are probably on our own 
'n discerning its practical implications 
for our lives and customs. | personally 
think that informal 
consciousness-raising groups would 
be a good idea. The perspective, even 
when fleetingly grasped, is quite 
extraordinarily enlivening and plump 
with common sense or intuitive 
knowing. It immediately opens such 
“insurmountable opportunities” as 
could set off a new age at least as 
exciting as was the age of exploration 
when the world was discovered to be 
round rather than flat. 

The challenge is intellectual and the 
enemy some of our present habits of 
thought It is the kind of problem 
where remarkable progress can be 
made once it commands attention. | 
would leave you with the thought that 
itis an error in our contextual logic — 
an error in our manner of thinking 
about environment which is in turn 
having reflexive consequences — that 
's at the core of our environmental! 
problems. By the same token, | 
believe that it is not so much mora! 
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exhortation and advocacy and 
regulation as it is intellectual work and 
new language development and 
information gathering from a new 
perspective that are now the priorities 
with respect to environment. What is 
needed is a new way of seeing our 
situation, based on a cross-substitution 


in our contextual reasoning. 


Excerpts from notes for a talk 
delivered at a meeting in Oitatwa 
September 25, 1984. 
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STATHMERE HOUSE, February 20-22, 1985 
DISCUSSION TOPICS: "RETREAT ON/FROM WATER QUALITY" 


Harold H. Harvey 


Zoology Department, University of Toronto 


1. Loss of Diversity in Animal Life from Aquatic Environments 


Surveys of streams, rivers, lakes, conducted at intervals show a trend in 
loss of species over time. For example, the eight streams tributary to the 
Niagara River (Canadian side, above the escarpment), such as Usher's Cr., tyP- 
ically contained about 25 species of fishes during the 1950's. The most 
recent surveys show only 5-6 species remaining. Similarly sampling sites in 
Burlington Bay show the number of fish species g@eclining from 20-30 four 


decades ago to 4-5 currently. 


Such loss of species has no single cause. The effects of many environ- 
mental perturbations are cumulative. The strategies currently in place for 


protecting the environment do not prevent this from happening. 
Zs Dumping of Unspecified Contaminants 


The permit issued to the Hooker Chemical Co. 1975-80 allows for the dump- 
ing of up to 950 lbs/day of halogenated organics into Lake Ontario. The 
materials to be dumped are unspecified as to composition, toxicity, life 
expectancy, synegistic action, breakdown products, etc. The current permit is 


for 284 lbs/day. 


Our current strategy for protecting the environment is based on the 
sequence: identification, toxicity, testing, establishing criteria, drafting 
regulations, monitoring emissions, seeking compliance, and court action. This 


strategy fails completely when the problem is unknown. 


Do we need an alternative strategy? For example, dumping will be permit- 
ted only when the material to be dumped can be demonstrated to be harmless to 


the environment. 


Si. Substances too Toxic for Discharge in any Amount 


The dioxin T.C.D.D. (2, 3, 7, 8 tetra chloro dibenzo dioxin) is one of 
the most toxic substances known to man. It bioaccumulates and renders fish 
unsafe for consumption in concentrations of p.p.t. It has been calculated 
that about 5 g discharged annually into Lake Michigan would suffice to put the 
fish from this lake out of compliance and thus destroy the fishery. This 
5 g/year can be achieved from sources discharging below the level of detec- 


SION. 


The current strategy for protection requires monitoring at (reliably) 
detectable concentrations. Is the alternate strategy: (a) to ban the use of 
this chemical in the Great Lakes basin? (b) to ban its manufacture within the 


basin? 


Should there be a list of chemical agents to be treated as per (a) and 


4. The Precariousness of Domestic Water Supplies 


The water quality objective for T.C.D.D. (2, 3, 7, 8 tetra chloro dibenzo 


dioxin) is put at 0.25 p.p. quadrillion in drinking water (U.S.\E. PLA.) Lake 


Ontario has a mass Ne So llse & hres kg oolaus about 1.5 lbs of WC Dole Cis 


required to achieve a concentration of 0.25 p.p-q- The Hyde Park dumpsite, 


Niagara River drainage, contains a ton of dioxin. 


The drinking water objective for lindane (hexa chloro cyclo hexane) is 
20 p.p. trillion. A concentration of 1 p.-p.-t- would thus require 3 mt ton to 
be added to Lake Ontario. The Love Canal dumpsite contains 6,900 tons of hexa 


chloro cyclo hexanes. 


These and other dumpsites along the Niagara River are leaking into the 
underlying limestone and thence into the river and Lake Ontario, at an unknown 
rate. Leakage of 0.1% to 1.0% of dumpsite contents into Lake Ontario would 


put it) out of compliance. 


There is no strategy in place to prevent this contamination of Lake 


Ontario. 


What is the alternative strategy? Does Toronto, for example, build an 
aquaduct from Georgian Bay to Toronto to guarantee a supply of safe drinking 


water? 
ae The Solution to Pollutions may not be Dilution 


It has come to be accepted as a truism that, all substances are toxLres to 
life at some high concentration, and the corollary is that all substances are 
harmless at some low concentration. This assumption needs to be challenged. 


For example, phosphorus has two radioisotopes (32p and ore 


). Phosphorus is 
taken up quickly by cells and frequently is contained in the cell nucleus 


where the opportunity for damage through emissions is maximized. More impor- 


tantly, phosphorus is taken up into DNA and RNA. The radionuclides of P break 
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down into sulfur, making nonsense of the genetic code. Thus, it is harmful in 


all concentrations. 


There is a second family of subs tances for which discharge could be 
banned at any concentration. For example, Lake St. Mary was contaminated with 
mercury through large-scale losses of Hg from chlor-alkali plants, prior to 
ALS The lake is still out of compliance, and larger fishes exceed the 
0.5 p.p.m. Hg standard. Nonetheless Hg discharge of 1 lb per day is still 


permitted into the lake. 


Alternate strategy: Can we ban the discharge of contaminants where the 


environment is already out of compliance? 


6. The Catch-22 


The case against acid rain is based on the loss of resource, bet af the 
resource is lost, then protection becomes unnecessary. At the Sandefjord 
Conference, a spokesperson for CEGB commented to the Norwegian hosts that as 
55% of the lakes in Southern Norway had lost their fishes, it was not worth 
the cost of reducing emissions to save the rest. Canadians may find them- 
selves in a similar situation, in that the early evidence of acidification of 
the environment has not led to action to reduce emissions. Indeed, there are 
still no defined criteria for assessment of acidification. The criticisms of 
the current research approach, as included in the Canada-U.S. Memorandum of 


Intent, have not led to any operational directives to researchers. 


Alternative strategies: (1) Continue to search for a U.S.-Canada accord. 


(2) Proceed independently to reduce emissions. 
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Fundamental Considerations: 


Contamination of drinking water by toxic chemicals currently represents 
a pervasive environmental concern for many Canadians. Apprehension about the 
quality and safety of drinking water arises both from the scientific uncertainties 
in setting standards for water toxicants, and the public's perception of the 
health risks associated with these standards. 


From the scientific viewpoint, the main considerations that are included 
for deriving drinking water safety standards are as follows: 


ie Exposure: 


Water is an essential component in the human environment. Since 
consumption is obligatory for the maintenance of life, exposure 

to water toxicants occurs continually throughout the entire lifespan 
of all individuals in the population. Exposure can also occur through 
contamination of water-based prepared foods and beverages and from 
biomagnification of water toxicants through the food chain. 


2, Susceptibility: 


Since exposure to water toxicants 1s unavoidable, hyper-susceptible 
members of the population (such as infants, the elderly, and those with 
special health problems) will be especially at risk for toxic effects 
from water contaminants. Individuals with unusually large amounts of 
water intake (e.g., workers in hot or strenuous occupations) may also 
beat increased risk. 


She Control Procedures: 


As a homogeneous substance that is generally supplied from a single 
source (at least in urban areas), water toxicants. dre relatively 
easy to detect, monitor, and control compared to other modes of 
exposure such as air pollutants or food contaminants. Since water 
toxicants are especially amenable to control procedures, allowable 
levels of these toxicants should follow the ALARA principle (As 
Low As Reasonably Achieveable) to minimize health risk in the 
population. 


fe 


Nature Of Toxic Eihects: 


Three basic classes of water toxicants are each assessed and regulated 


in different ways. For inorganic toxicants (mainly metals), standards 
are frequently derived from occupational exposure standards or epidemio- 
logical studies on human populations. For organic toxicants, which are 


less well characterized in their chemical and toxicological properties, 
animal chronic toxicity studies are more frequently utilized to produce 
standards. For carcinogenic substances (usually organic) more specialized 


animal bioassay and extrapolation procedures are used to estimate 
carcinogenic risks. 


Ds Quality of data: 


Where sufficient amounts of valid reliable toxicological data are 
available (especially direct human toxicity data), the size of 
safety factors used for setting acceptable exposure standards are 
relatively small. Conversely where data is incomplete, unreliable, 
or not directly related to human exposures (i.e., in experimental 
animals), larger safety factors must be incorporated to take into 
account the greater uncertainty in the formulated standard. 


Regulation of Drinking Water: 


Drinking water standards in Canada are delineated in Guidelines for 


Canadian Drinking Water Quality (1978). Since drinking water quality is a 
provincial responsibility, the federal standards are not legally enforceable, 
but serve as guidelines for provincial standard-setting. In almost all cases, 


the provincial regulations are identical to the federal guidelines, although 
some provinces have additional special standards for locally significant water 
contaminants. 


The primary water standard in Canada is termed the MAC (Maximum 
Acceptable Concentration), defined as the maximum allowable concentration of 
contaminants not producing visible health effects or objectionable aesthetic 
properties (taste, odour, appearance). Although the MAC standard is defined 
as a "safe" level of exposure, the Canadian guidelines do acknowledge that much 
more stringent criteria are generally desirable to ensure the highest possible 
water quality. Two types of subsidiary standards are therefore specified: 
the objective concentration (OC) represents as “ultimate quality goal for 
both health and aesthetic purposes", while the target concentration is used to 
define acceptable limits for radionuclides which theoretically have no threshold 
of toxicity. Canadian drinking water standards are exceptional in a number 
of ways. The number of regulated substances, both inorganic and organic, are 
significantly more extensive than in many other countries, such as the United 
States. Likewise, the specification of dual level standards for maximum (MAC) 
and optimum (OC) toxicant concentrations is not reproduced in the American 
context. Sampling of water supplies is also more frequent. 


In comparing the Canadian and U.S. MAC standards, there is a generally 
close agreement for most chemicals. This is not surprising considering that both 
sets of standards are based on similar or identical scientific data and criteria. 
However, in the case of certain putative organic carcinogens such as the trihalo- 
methanes (THM's), the Canadian MAC standard is much more lenient (350 ppm) than 
the U.S. standard (100 ppm). These dissimilarities are based mainly on the 
differing scientific rationale governing the risk estimation for carcinogenic 
hazards. 


In the Canadian rationale, THM's (mainly chloroform) are considered as 
"epigenetic" cardinogens, acting on a non-genetic process leading to cancer. 
Conversely, the U.S. criteria treat TPM's as potential "“senotoxic'’ carcinogens. 
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The main difference between these Cwo mechanistre rationales is .tiae Wier is 

S pheotetical toxicological threshold for epigenetic carcinogens, so that small 
doses are not dangerous, while for genotoxic carcinogens there is no theoretical 
threshold. In the latter case, even minute exposure would lead to a small but 
Sivulticant, riskwoL Cancer. so a More stringent standard must be applied. A 
similar mechanistic rationale. allows fot ua MAC standard for nitrotriacetic 


acid (NTA) in Canada, whereas the substance is banned in the U.S. 


Standard-Setting: 


It is remarkable that many water quality standards are not derived from 
direct measures of water-related toxicity but rather from health effects in 
occupational settings or in experimental animals. One of the greatest obstacles 
to assessing risk for water toxicants is the inability to obtain reliable and 
unambiguous evidence of health effects from trace amounts of toxicants, 
especially organic toxicants. For example, numerous epidemiological studies 
(both ecological and case-control) have demonstrated a weak trend toward increased 
G.1. and G.U. cancers in populations exposed to THM's and other organic contaminants 
in water. However, the magnitude of the effect is slight (only about 2-fold 
excess risk), so that statistical unreliability and confounding variables obscure 
the significance of the data. 


In the case of some inorganic toxicants, such as barium, a direct adaptation 
of the industrial TLV standard can be performed. In other cases, chronic animal 
studies are utilized to derive an "acceptable daily intake” (ADI) standard, such 
as for cadmium. Certain common environmental pollutants, such as lead and = luorrdes 
can be assessed directly from clinical or epidemiologic evidence. For most 
inorganic toxicants the safety factors for drinking water are unusually small, 
about 2-4 fold below the generally accepted threshold of toxicity. The small 
margin of safety provided by these standards remains an ongoing source of concern. 


For non-carcinogenic organic toxicants (including pesticides and 
herbicides), most standards are derived from chronic toxicity studies in 
animals. Generally the standard is derived by taking the NOEL (no observed 
effect level) value from animals (2 species) and dividing by a safety-factor 
(usually 100) to provide an adequate margin of safety. If there is only 
limited animal data, an addition factor of 5 or 10 is introduced to account 
for the uncertainty of the dose-response relationship. Therefore in many cases, 
the overall safety factor is 500 or 1000. 


Finally, for carcinogenic substances, there is no commonly acceptable 
procedure for reliably estimating risk at low levels of exposure. Estimates 
of risk based on current statistical methods produce standards which are 
extremely stringent, so much so that they cannot be realistically applied 
using currently available technology. 
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Recommendations: 


Ls Many drinking water contaminants have not yet been characterized 
either chemically or toxicologically. This problem is especially 
relevant to organic chemicals produced by toxic wastes, chemical 
discharges, or by chlorination reactions with Organic constituents 
of water. Better detection and screening procedures need to be 
developed. 


a. The primary standards for drinking water (MAC's) should be derived 
more directly from human epidemiological data or clinical data. 
rather than as indirect adaptations of occupational or air pollution 
standards. 


a The values assigned to safety factors in deriving MAC or ADI standards 
should be continually re-assessed. For inorganic toxicants, more 
stringent safety standards may be required. For non-carcinogenic 
organic toxicants, safety factors should be reduced as more reliable 
animal data becomes available. 


4. For all types of toxicants, more attention should be focused on the 
mechanistic aspects of toxicant action, so that standards may be 
derived with a more fundamentally valid set of criteria. This is 
especially necessary in the case of suspect carcinogens, where 
different rationales may be applied for genotoxic and epigenetic 
carcinogens. This approach would produce more realistic and biologically 
relevant standards for drinking water carcinogens. 
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Abstract 


This paper presents an overview of water demand Management, its importance, and how 
it should be integrated with supply management for water and wastewater systems. 
Demand management measures in agriculture include dryland cultural practices, 
improved water delivery systems (both off-farm and on-farm), water scheduling, and 
water metering; each of these could provide productivity gains of 15 to 25 percent, 
allowing a doubling of irrigated production with existing supplies. 


In the industrial sector, recycling processes can reduce water use per unit of 
output by up to 97 percent for individual fimms, and perhaps up to 75 percent in 
industries such as pulp and paper. Municipal water use can be reduced IY) 1 oto 
percent for each of: improving distribution system Maintenance, metering, rate 
structure modification, and use of insulated and heat-traced services in northern 
communities. Long term reduction of over 25 percent can be achieved in new 
residential, development by ensuring new structures inclwe more water-efficient 
fixtures and appliances. 


Despite institutional problems, the federal government can assist through improved 
coordination among departments, re-focussing supply-oriented technical assistance, 
additional research and extension education, support for public information 
services including interest groups, tax incentives, programs and actions to 
facilitate use of more water-efficient fixtures, and support of provincial 
initiatives related to demand management. 


Résumé 


Ce rapport présente un apercu de 1'importance de la gestion de la demande en eau et 
de la fagon dont celle-ci pourrait étre intégrée A la gestion des approvisionne- 
ments pour les systémes de distribution et les systémes de traitement des eaux 
usées. Les mesures de gestion de la demande en agriculture comprennent 1l'utili- 
Sation de techniques de type cultures non irriquées, 1l'amélioration des systemes de 
distribution (tant sur les fermes qu'a l'exteérieur de celles-ci) le calcul des 
quantités d'eau requises et le comptage de l'eau. Chacune de ces mesures pourrait 
apporter des gains de productivité de l'ordre de 15 A 25%, ce qui permettrait de 
doubler la production des terres irriguées sans augmenter les approvisionnements 
actuels. 


Au niveau du secteur industriel, les méthodes de recyclage peuvent réduire la 
quantité d'eau utilisée d'un facteur pouvant atteindre 97% pour les petites 
entreprises et peut-étre 75% pour des secteurs tel les pates et  papiers. 
L'utilisation d'eau au niveau municipal peut étre réduite de 13 A 50% par chacune 
des méthodes suivantes: amélioration de l'entretien du systéme de distribution, 
comptage de l'eau, modification des tarifs et utilisation de réseaux thermiquement 
isolés dans les communautés nordiques. Une réduction a long terme de 25% peut étre 
atteinte dans les nouveaux projets résidentiels par l'utilisation de fixtures et 
d'appareils ménagers utilisant moins d'eau que leurs prédecesseurs. 


Malgré les problémes institutionnels, le gouvernement fédéral peut apporter sa 
contribution par l'amélioration de la coordination interministérielle, par la 
réorientation de l'aide technique relié aux approvisionnements, par la mise en 
place de programmes de recherche et d'éducation supplémentaires, par le support a 
l'information du public y compris les groupes d'intérét public, par la mise en 
Place de stimulants fiscaux, par 1l'établissement de programmes et actions afin de 
faciliter l'utilisation de fixtures plus. performantes et par le support 
d'initiatives provinciales reliées 4 la gestion de la demande. 
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Figure 1.1: Supply Management System 
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decrease. Demand management also may apply to water supply or to wastewater 


treatment. 


In the system described above, water demand management would focus on 
decreasing flow in the water distribution and use subsystems, and a demand 
management approach to wastewater treatment would have a similar focus on the use 


and wastewater collection subsystems (Figure 1.2). 


Managing water demand, however, requires development of policies (explicit or 
implicit) on appropriate use of the water system. (Supply management also requires 
such policies but these are often implicit.) Even an apparently straightforward policy 
of cost recovery can have significantly different results depending on what costs are 
recovered and from whom. Griffith (1984) illustrates application of a policy of 
recovering costs of providing for peak demands from users contributing to those peak 
demands; the system requirements with such a policy appeared reduced by about 12.5 
percent over the previous policy of averaging peak demand costs into overall water 
rates. Augmenting supply by an equivalent amount would have been much more 


costly. 
1.3 Why Consider Water Demand Management? 
1.3.1 Inavailability of Short Term Supply 


Managing water demand has traditionally been used primarily to meet critical 
water shortages (Viessman and Welty, 1984 p. 233). Most such crises have been a 
result of a severe drought which had strained the supply system to the point that all 


requirements (including emergency reserves) could not be filled. 


Figure 1.2: Demand Management System 
(a) Water 
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While some people view demand management and crisis management 
interchangeably, there are many factors other than crises which favour water demand 


management: these in most cases are of a longer term nature. 
1.3.2 Inavailability of Longer Term Supply 
(a) Physical Quantity 


On a per capital runoff basis, Canada has the most water wealth of any nation, 
with over 100,000 m?/person and over 13 times the world average (Postel, 1984, pp. 
9-10). However, by the year 2000 at least some river basins in the Prairies may be 
unable to meet dry-year demands. Even the Great Lakes basin is not secure. An 
investigatory board of the International Joint Commission has predicted that Great 
Lakes levels may be lowered by 12 to 23 centimetres over 40 years as a result of 


increasing consumption. 
(b) Physical Quality 


The quality of available additional supplies may also be of concern. Stretching 


existing supplies may be particularly desirable in such cases. 
(c) Increased Preservation of Other Uses 


In recent years, there has been greater recognition of the value of and the need 
to protect in-stream uses of water--not just plant and fish growth. or dilution and 
purification, but also aesthetics, and to protect aquifer levels. At the same time, 


concern for preservation of other uses of reservoir sites has intensified. 


(d) Political and Institutional 


Problems related to social, political and institutional questions appear to have 


increased, especially where interbasin transfers of water are involved. 


Looe east 


Because demand management has been considered less frequently, the total costs, 
both economic and environmental, may be less in many cases to manage demand than 
to augment supply, e.g. recovering costs of providing for peak demands mentioned in 


SCCELION places 


A significant portion of cost savings may arise from deferral or scaling down of 
Capacity expansions of plants, and from energy and chemical costs related to pumping 
and treating water. El Paso, Texas, found that besides reducing strain on aquifers, 
conservation (pricing and education efforts) is expected to meet 15-17 Percent of 
long-term water needs, and has been doing so for an average cost of 135 dollars per 
1000 cubic meters--8 percent less than the average cost of existing water supplies 


(Postel, 1984, p. 46). 
1.3.4 Predicted Declines in Population Growth Rates 


Another reason to consider demand management is that recent Canadian 
population projections indicate an increase until the turn of the century only, and 
after that period of time it could even begin to decline unless immigration levels are 
significantly increased (Statistics Canada, 1984). The implication of this is that while 
some municipalities will experience continued growth, others will grow slowly and 
then decline. Some must be expected not to grow at all. Such statistics raise 


questions about the longer term desirability of many water facility capacity additions 


- 8 - 


which may be proposed, at least in the absence of a national population policy. 


1.3.5 Public Attitudes 


Public attitudes appear generally very favourable toward water conservation 
measures. In a survey of 1383 households in both humid and semiarid regions, 86 
percent perceived the need to conserve as moderately important or very important 
(Baumann et al., 1984). Even on the use of reclaimed water, except for uses related 
to direct ingestion, six studies have shown opposition to 25 uses of reclaimed 
wastewater to be consistently less than 40 percent; if indirect ingestion uses (e.g. 


swimming) are removed, opposition is less than 25 percent (Bruvold, 1985, p. 133). 
1.4 How should Demand Management be Integrated? 
1.4.1 Integrating Supply and Demand Management 


If the goal is efficient water system management, neither supply management 
(section 1.2.1) nor demand management (section 1.2.2) alone are satisfactory. While 
there is some overlap, each considers a different set of subsystems as of primary 
importance. While supply management often emphasizes additional large-scale 
capital projects, demand management options are often either many smaller scale 
changes or policy modification. A better approach to water system management is to 
integrate supply and demand management. This is illustrated in Figure 1.3 for water 


and for wastewater treatment systems. 
1.4.2 Integrating Water and Wastewater System Management 


It can also be noticed from the discussions of demand management, and from 
Figure 1.3, that consideration of managing demand has another implication. Once the 


' A ; 
use system's demand for water and generation of wastewater are not treated as given, 


Figure 1.4: Integrated Water-Wastewater System 
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that two of the fundamental objectives served are (a) increased availability of water, 
and (b) improved economic efficiency or system optimality. These objectives are 


important in all sectors. 


= 13 _ 
0 EXISTING AND POTENTIAL DEMAND MANAGEMENT MEASURES: 
AGRICULTURE 
The focus of this section is on identifying demand management measures which 
are currently in use or which could be used to reduce the rate of growth of water use 


in the agricultural sector. Both dryland and irrigation agriculture are considered. 


2.1 Dryland 


The agricultural community in Canada is taking a growing interest in dryland soil 
moisture management. This interest is particularly apparent in the direction of 
dryland cultural practices and in the increased emphasis on wetland management on 


agricultural lands, e.g. slough consolidation and supplemental irrigation. 


The on-going changes in dryland cultural practices that will make more effective 
use of available moisture include the following: 
- reduced summerfallow 
- snow management to trap additional water for crops 
- greater use of drought resistant crop varieties 
- better farm management (eg: timing of operations) 
(Canada Grains Council, 1982; dar Wall Consultants, 1983). 


These changes will obviously not increase the overall availability of water for dryland 


agriculture. They will, however, make better use of the water that is available. 


Drainage, again, does not affect the total water supply. Rather, the purpose of 
drainage is to redistribute water. The water may be channelled away from areas of 


excess to be used elsewhere. 
2.2 Irrigation 


Demand management measures are on-going in irrigation agriculture. The 


following takes many examples from irrigation in Alberta because of its prime 


importance as an irrigating province. 


2.2.1 Water Rights 


Controls are already in place to limit the amount of land that can be irrigated. 
Agricultural lands are given irrigability classifications which effectively limit the 
extent of irrigation development and, hence, water use. In Alberta, private irrigators 
must obtain approval from Alberta Environment to divert water. These diversions are 
inspected every three to five years after the license has been granted in order to 
ensure that the water is being used according to the conditions set out in the license 


(Environment Council of Alberta (ECA), 1979). 


However, because the number of hectares of potentially irrigable land greatly 
exceeds current development levels on the Prairies (by, say five times), water rights, 
as presently constituted, generally only serve to allocate water to agriculture at one 


point in time. 
2.2.2 System Technologies/ Design 


Irrigation system design is obviously a major factor in water management. A 


brief description of common conveyance systems follows: 


Open channel systems can be lined or unlined. Unlined canals are very inefficient 
with seepage losses often ranging from one-quarter to one-third of the total water 


diverted (Jensen, 1980). 


Lining ditches is an effective way to prevent erosion, control rodent damage and 
reduce seepage losses at a reasonable cost. Concrete is probably the most commonly 
used material although asphaltic materials, membranes, chemical sealants and 


impermeable earth materials are also used. 
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The most efficient (and most costly) water conveyance system is pipe. Its main 
advantages are that water losses are negligible as are maintenance costs, and, if 


buried, a pipeline can take the most direct route from water source to outlet. 


In Alberta, most canal rehabilitation is done using concrete lining although some 


pipe has recently been installed. 


System configuration or layout is also important in a water management context. 
Assuming an open channel system, water losses due to evaporation, operational spills 
and the like can be significant (see Figure 2.1). Irrigation systems which follow field 
or quarter section lines, as opposed to the contours of the land, result in improved 


field work efficiencies, better weed control and more efficient water use. 


The "bottom line” in the whole question of delivery system design is irrigation 
efficiency levels. Estimates vary (Alberta Environment, 1982: ECA, 1979)% bat 
irrespective of source, it is clear that improving irrigation efficiency levels would 


play an important part in restricting the rate of growth of water use in agriculture. 


And this is slowly happening. Millions of dollars per annum are now being spent 
on irrigation rehabilitation on the Prairies. These expenditures translate into higher 


irrigation productivity levels because more water is now reaching the farm gate. 


2.2.3 On-Farm Technologies 


Water use can also be controlled to some extent by the on-farm method of 
application. Flood irrigation for example, can be a low cost system but water may be 
nonuniformly distributed and erosion can be a problem. Wheel roll and center pivot 
systems ‘including low pressure sprinklers) offer greater control of water use but only 


by absorbing higher capital and/or labor costs. Drip irrigation is potentially the most 
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water efficient system because a relatively small area is wetted, thereby reducing 
evaporative losses and runoff (Jensen, 1980). However, problems of clogging and the 
fact that drip systems have no advantage over conventional systems for many crops 
(e.g., forages, cereals) suggests that drip irrigation is unlikely to completely replace 


other irrigation methods, despite its efficiency advantages. 


Other on-farm technologies which could serve well to reduce water use include 
the selection of crop varieties that are more resistant to dry conditions and improved 


control of phreatophytes (water-loving weeds) by means of herbicides. 


2.2.4 Scheduling 


Improved water management is also possible by irrigation scheduling; both system 
and on-farm. The benefits of scheduling at the District level are substantial and 
include: 

- more efficient use of water conveyance and distribution systems; 
- reduced diversion and pumping requirements; 


- reduced probability of system shutdown due to water shortages (ECA, 1979). 


With scheduling, more water is available for irrigation. Design criteria for the 
system can be reduced because water is distributed more efficiently. Further, by 
matching water supplies to farm demand less water is spilled and salinity problems 


can be reduced. 


On the farm, the scheduling of irrigation water to correspond to farm demand 
will result in yield and quality improvements. In addition, there is a reduced 


requirement for drainage and subsequent disposal of saline water. 
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The price presently charged for water for irrigation across Canada is generally 


tied to the cost of various irrigation services, not the water itself. 


For example, in Alberta the basic cost of water to both Irrigation Districts and 
non-District irrigators is the cost of obtaining a license from Alberta to divert water. 
These costs ostensibly represent the cost of processing a license application, and are 


dependent upon the annual quantity of water diverted as indicated following: 
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In turn, Irrigation Districts generally finance their own operations by charging 
individual irrigators for water. Again, the charge is for the service, not the water 
itself. Individual Districts have a variety of methods of charging for water but each 
District has a basic levy charge which is based upon assessed irrigable area within the 
District (Table 2.1). Assessed irrigable area is that area suitable for irrigation to 
which the irrigation district has provided water service. The individual irrigators are 
charged the annual levy whether they irrigate or not. Districts also have a variety of 
other methods of charging for water including "final water agreements", "special 
water agreements", "terminable water agreements”, and "pumping agreements”. 
Outstanding rehabilitation requirements, however, suggest that the farm levies have 


been insufficient to cover required system maintenance. 


~ 49-2 

The rehabilitation of existing irrigation works (in Alberta) is funded in the 
following way: The upgrading of the reservoir, division and headworks system is 
almost entirely the responsibility of the provincial government. Upgrading of the 
water distribution system is a cost-shared program with 86 percent funded from 
government sources and 14 percent from farmers' contributions (Underwood McLellan, 
1984). The 14 percent share, while seemingly small, commits farmers financially to 


the process of improving water use efficiency through existing system improvements. 
2.2.6 Metering 


As noted above, each Irrigation District generally has a basic levy charge which is 
based upon assessed irrigable area within the District. The charge effectively 
guarantees the irrigator at the farm gate 1.5 acre-feet per acre of water throughout 
the irrigation season (Environment Canada (EC), 1977). This guaranteed gross 
diversion is the extent to which water use is now metered. More efficient water use 
would result if the levied price was based on the quantity of water actually used 


rather than a fixed volume (ECA, 1979). 
2.2.7 Public Information 


Finally, a good example of the type of public information program which can be 
very useful from a water demand management perspective is the South Saskatchewan 
River Basin Planning Program. The purpose of the SSRBPP was to develop criteria to 
evaluate various possible water use alternatives using a multiple use, multiple 
objective approach. The real value in the SSRBPP study (and others like it) is that it 
clearly identifies the water use Eattoas available (e.g. irrigation versus recreation 
versus industry) and the tradeoffs that are required once a certain water use option is 


selected. 
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2.3 Summary of Agricultural Measures 
The measures discussed above are summarized in Figure 2.2. The principal 


component of the water system on which the measure is targetted is noted. The 


implications of some of the apparent options and opportunities are addressed in 


Section IV. 


Figure 2.2: Summary of Agricultural Measures 
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fl EXISTING AND POTENTIAL DEMAND MANAGEMENT MEASURES: 
MUNICIPAL AND INDUSTRIAL 

The focus of this section is on identifying measures which are currently in use or 

which could be used to manage municipal and industrial demand for water and for 

wastewater treatment. These will be discussed taking each part of the water system 


in turn. 


3.1 Water Supply and Treatment Subsystem 


3.1.1 Direct Regulation of Source Withdrawals 


Managing source withdrawals can occur through regulation of access. One 
example from western Canada is the use of rights to water withdrawals. Another 
example in a riparian province, Ontario, is that the Ministry of the Environment 
requires an approval for supplying more than five homes or a permit for withdrawing 


more than 50,000 litres/day of groundwater. 


However, such regulations can only work well for supplies which are documented. 
While much measurement of water supply has been done, mapping of groundwater 
systems has been generally overlooked. Such mapping would greatly improve 


management capability. 


3.1.2 Matching Water Quality and Use 


Estimates of demand for water are based for most uses on a presupposition about 
water quality. There is no need to use potable water for all water purposes. This 
principle is recognized for households in many areas in the United Kingdom; a storage 
tank is required in the root space to feed non-potable supplies such as toilets, hot 


water cistern, etc. to reduce the effects of peaking on the distribution network 
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(Jamieson and Million, 1980). Brackish water or saltwater is beginning to be used for 
cooling of power plants in Finland, Sweden, the United Kingdom, and the United 
States (Postel, 1984, p. 46). South African water policy specifically calls upon all 
users to "Make use of the minimum quantity of water of the lowest acceptable quality 
for any process” (Postel, 1984, p. 46). Such an approach in Canada could reduce the 
demand on existing water systems by transferring some uses, which currently use high 


quality water, to non-potable supplies. 
3.1.3 Public Cost Information 


While most municipal water supply systems, including those which are metered, 
charge on an average cost basis, the system itself must be constructed to meet 
maximum-day and peak-hour demands, not just average demands. Maximum-day 
demands from 1.5 to 3.5 times average-day demand, and peak-hour demands from 2.0 
to 7.0 times average-day demand, are quite common (Fair and Geyer, 1971). 
Therefore, the capital and operating costs involved in providing for peak demands are 
much higher than for average-day demands. Because charging currently is done on an 
average-cost basis, the cost of providing for maximum-day demands is often not 
estimated and less often public knowledge. Information about such peaking costs and 
also of incremental average-day demand are if provided to the public and to policy- 


makers, could assist in improving decisions about use. 
3.2 Distribution Subsystem 
3.2.1 Proper Installation, Leak Detection, and Maintenance 


In areas where freezing and soil movement is a problem, careful installation of 
distribution lines is necessary. Leakage losses from the distribution system, while 


inevitable, can be minimized through a routine maintenance and leak detection 


lan fee 
program (Hennigar, 1984; Kroushl, 1984). A California study found that almost 99 
percent of underground leaks in urban water supplies could be economically detected 
and recovered using existing technology (State of California, bed, De, 31) 0) Lais 
contrasts rather sharply with findings of the Prairie Provinces Water Demand Study 
that in some municipalities, over 40 percent of total water pumpage could not be 


accounted for by flows received by the various customer groups (Tate, 1984, pp. 5-6). 


Raeth Regulation of Water Pressure in New Development 


Operating water pressures in a municipal system are generally between 345 and 
834 kilopascals (50 to 120 psi) with an objective of 140 kpa (20 psi) under fire flow 
conditions. Reducing high main pressures would lower consumption for flow 
dependent uses, as water flow rate from a fixture at a fixed setting is related to the 
square root of the pressure drop. Principal flow dependent uses at fixed settings 
include svstem leakage, certain types of equipment e.g. residential dishwashers, and 


some outside uses. 


However, substantial reduction of main pressure in existing areas may not be 
practical because of the implication of reduced fire flow. In new development, an 
attempt to limit water pressure to 345 to 420 kpa (50 to 60 psi) would reduce both 
leakage and use somewhat. The HUD studies suggest the reduction in residential use 
for a drop of 205 to 275 kpa (30 to 40 psi) would be about 6 percent (U.S. Dept. of 


Housing and Urban Development (USHUD), 1984). 


3.3 Water Use Subsystem 


3.3.1 Metering of Use 


While many studies of metering have been conducted, few have separated 
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commercial, industrial and residential users within one city or district over the same 
time period. The HUD study, however, attempted to determine the effect of 
metering on residential water use by comparing water use in similar homes in the 
same area of Denver having had metering or flat rates for some time (USHUD, 1984). 
Winter water use showed little difference, but summer metered consumption was 
reduced significantly even though annual water costs were similar for both classes. 


Metered outside water use over a three-year period was reduced by 20 percent. 


In addition, outside water use in both metered and flat rate homes was linearly 
related to the monthly net evapotranspiration (water requirement in addition to 


rainfall) of the vegetation. 
3.3.2 Water Rate Structures Better Reflecting Costs 


Water rate structures are a very important component of demand management. 
Such structures are possibly the most important influence by a supplier on industrial 
water demand. It is difficult to convince many water users that water use is 
important or that new water supplies are costly when their water bills confirm the 
exact opposite. Effective rate structures, however, presuppose tnctaneeion of water 


meters (section 3.3.1). 


Grima (1984) showed that water rates in Ontario in the recent past have not been 
related well to costs of providing supply. Nevertheless, a rate structure should 
closely reflect the costs of construction, operation and maintenance of the entire 


system, including peaking costs and the costs of wastewater collection and treatment. 


This was done, except for reflecting peak demand costs directly, in the Regional 
Municipality of Durham. A 33 percent reduction in demand per customer and hence 


in water supply capacity requirements was observed (Loudon, 1984). 
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However, the factor not reflected directly in the Durham rate structure, peak 
demand, is perhaps the most important factor affecting costs. Such demands 
determine plant sizing and additions, and also are responsible for large electrical 
power demands and costs. Costs of providing for peak demands have traditionally just 
been averaged in with other costs by customer class. This results in inequity, both by 
not informing those contributing to the peak of the real costs of their use, and by 


charging those not contributing to the peak demand. 


Recently, however, a number of utilities in the U.S. have modified rate structures 
to improve equity and, at the same time, to charge a better approximation of the real 
costs of providing for peak demands. One of those found to significantly improve 
equity is referred to as an excess-use charge, incurred by water users greatly 
exceeding their winter base consumption during peak demand months. Use of such a 
charge in Fairfax County, Virginia, was estimated to reduce maximum-day water 


demand by about 12.5 percent from 1.6 times average-day to 1.4 (Griffith, 1984). 
3.3.3 Constructing New Structures to be More Water-Efficient 
(a) Installation of Low-Flush Toilets 


While common toilets use about 21 1. per flush, major North American 
manufacturers do market models requiring 13.25 1. or less. A recent extensive study 
showed that households equipped with such low-flush toilets consumed about 30.3 
\/capita/day less than those with standard toilets (USHUD. 1984, pp. 4-5, 4-6). This 


represents a 36 percent reduction in consumption. 


A typical West German toilet requires much less water than even our so-called 
conserving ones, only 9 litres per flush, or a 57 percent decrease in consumption over 


conventional North American models (World Environment Report, 1984a). Nine litre 
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toilets have also been legislated for many years in the United Kingdom (Jamieson and 


Million, 1980). 
(b) Installation of Low-Flow Showerheads 


The HUD sample of typical non-conserving showerheads (maximum measured flow 
greater than 11.4 l/min.) had an in-use average flow rate of 12.9 l/min. This was 
much higher than for a mixed set of low-flow showerheads which averaged 44 percent 


less, with some specific models reducing consumption by 62 percent. 
(c) Installation of Minimal-Water-Use Toilets and Showers 


New products have been developed using advanced technologies which reduce 
water consumption Bonitcantly more than those discussed above. There is a good 
potential for development of such products which cut water demand substantially and 
are acceptable to users. This is especially so for toilet technology; showering is 
partially a volume dependent activity, and very low flow rates cause user 
dissatisfaction. Currently, however, advanced technology fixtures are much more 


costly and complex than conventional ones. 
(e) Installation of Combinations of Water-Efficient Equipment 


In many areas in the U.S., plumbing regulations require installation of water- 
efficient equipment in new homes. A recent HUD study compared water use in homes 
containing 13.25 1/flush toilets, 11.4 l/min. showerheads, and low flow (10.4 l/min.) 
faucets, with a matched control group in the same vicinity. The HUD study 
recommends the expected water savings they have documented--49 \/capita/day and 
62 l/capita/day for single and multi family dwellings respectively--be adopted as 


predicted values for the effect of installation of low-flush toilets and low-flow 
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showerheads on per capita residential water use. 


3.3.4 Retrofitting of Existing Buildings 


(a) Reducing Functional Consumption 


Modification or retrofitting of water fixtures to reduce water consumption has 
been attempted in many municipalities, especially in the United States. The effects 
of such programs have not been well documented, and most evaluations which do exist 
are of one specific municipality. After the Regional Municipality of Waterloo, the 
HUD study was the second, and largest scale attempt to document effects of 


retrofitting and relate these to the context and to the implementation program. 


There are two primary factors to be considered: the effect of retrofitting on 


resource Consumption, and the installation/retention rates of the devices. 
i) Resource Consumption 


Utility programs to retrofit toilets with displacement bags or bottles, and 
showers with flow restrictors are estimated to reduce water consumption by 15 to 25 
\/capita/day and energy consumption/capita by 420 to 630 MJ (11.4 to 17m?) annually 
for gas water heaters (HUD, 1984, p. 6-5). Greater reductions should result either 
from use in toilets of dams or of devices to close the flapper valve prematurely 
(about 4.5 1l/capita/day more for dams) or from use on showers of replacement 
showerheads. The savings noted are those estimated from retrofit devices alone; 
controls were used for extraneous factors and an allowance was made for other 


components, e.g. leak detection tablets, conservation information, of some programs. 


(ii) Installation/Retention Rates 


The installation and retention rates of the devices are also important in assessing 
a retrofit program. There are many factors which determine the extent to which 
installation of retrofit devices takes place. Some of these include: 
(1) the perceived importance of the program in extending existing water supplies 


or wastewater treatment capacity, 


(2) whether installation was voluntary or mandatory, 
(3) how the program was promoted and the devices distributed, 
(4) whether installation was conducted by utility or trained personnel or by the 


owner, and 
(5) if by the owner, the ease of correct installation. 


Retention rates are related to all of the above as well as to: 


(6) satisfaction with device performance. 
(7) failure rates of each device, and 
(8) the rate of purchase of replacement fixtures. 


It appears that installation rates in residential buildings can range all the way up 
to about 80 percent in single family buildings and 100 percent in multiple dwellings 
(including motels) for a mandatory program with utility installation (HUD, 1984, p. 
6-6). There is no evidence that a voluntary program can achieve greater than a 60 
percent installation rate with 50 percent a more realistic maximum under non- 


drought conditions. 


For any one device, it might be expected that retention rates would be constant. 
Only two studied utilities, North Marin County and North Tahoe California, used an 
identical device and evaluated retention rates. Surveys concluded that the 11.4 l/min 


Nolan celcon shower restrictor had a five-year retention rate over 80 percent in each 
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case. Different toilet devices had 5-year retention rates in houses ranging from 59 


percent (dams-North Tahoe) to about 77 percent (2 bottles each 0.95 ly 1 Bap r.7 2.4, 
(b) Reducing Leakage 


Retrofitting of apartment buildings has also been studied in the Washington D.C. 
area. Toilet leakage appears to be a major problem; even in some new buildings, the 
rate averaged 178 1/day/unit, or 91 l/day/toilet. (In a separate study of single family 
homes, 17 percent of non-conserving toilets were found to be leaking. This 
percentage might be even higher when low-flush toilets are used or in apartment 


buildings). 


Replacing ballcocks and flapper valves is the best method for correction of toilet 
leakage. This measure alone was found to reduce residential consumption by up to 


178 1/day/unit or 89 l/capita/day, or by over 40 percent. 
3.3.5 Regulation of Water Pressure 


Although the saving was lower than previous estimates, a reduction of 205 to 275 
kpa (30 to 40 psi) would reduce residential leakage and use about 6 percent, according 
to the HUD studies (see section 3.2.2 above). This reduction could be accomplished 
by use of pressure regulating valves in buildings in high pressure areas. Such a 
measure could be implemented most easily for new developments in high distribution 
pressure areas where the distribution pressure cannot be reduced; existing low rise 
developments could also install pressure regulating valves. These valves, by 
regulating water pressure, can reduce wear a water fixtures and thus maintenance 


costs as well. 
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3.3.6 Use of Insulated and Heat-Traced Services 


The use of "bleeders” (continuously flowing lines) to prevent line freezing results 
in major losses for water utilities in northern communities and increases demands on 
wastewater treatment plants. Ontario Ministry of the Environment reviews have 
found bleeders responsible for up to 50 percent of winter potable water consumption. 


The proper solution is use of insulated and heat-traced services (Robinson et al, 1984). 


3.3.7 Recycling of Wastewater 


Recycling means use by the same household, business, or plant two or more times 
in a coordinated planned manner, sometimes with partial treatment between uses 
(Viessman and Welty, 1984, p. 241). The lowering of energy costs for pumping, water 
heating, and wastewater treatment may be more significant than the reduction in 


water cost by recycling. 
(a) Residential 


By collecting blackwater (toilet water waste) and gray water (other wastewater) 
separately, the graywater in principle can be reused before being used finally for lawn 
irrigation or being disposed of via the sanitary sewer system. Such re-use raises many 
serious concerns about the effects on the health of humans and landscapes (Farallones 


Institute, 1979, pp. 97-109). 


b) Industrial 


Significant advances have been made in the recycling capabilities of cooling 
tower recirculation systems: the average recycle rate for cooling water in 1972 was 
4.1, but by 1978 this had risen to 7.1 with some companies claiming 27:1 (Viessman 


and Welty, 1984, p. 237). Thermal power plants can reduce their requirements by 98 
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percent or more by using recycled water in cooling towers rather than the typical 
once-through cooling methods (Postel, 1984, po'42)-) Al Canadian vinyl fabric 
manufacturer, by installing a cooling tower recirculation system, reduced total water 
consumption over 90 percent while increasing production by 60 percent (Krueger, 


1984). 


Other industrial recycling practices include treating some or all process 
wastewater for re-use as other process make-up water e.g. cooling towers, 
recirculation systems with discharge a low percentage of flow, and cascading effluent 
from one process as input for another with or without intermediate treatment 
(Viessman and Welty, 1984, p. 244). A Canadian heat exchanger manufacturer 
reduced water consumption by one-third, with a payback period of less than one year 


for the system modification (Paul, 1984). 


The degree of recycling can affect water use tremendously. Manufacturing a ton 
of steel may take as much as 200,000 litres or as little as 5,000, and a ton of Paper 
may take 350,000 litres or only 60,000. Moreover, recycling the materials themselves 
can also greatly cut industrial water use and wastewater discharges. Manufacturing a 
ton of aluminum from scrap rather than virgin ore, for instance, can reduce the 


volume of water discharged by 97 percent (Postel, 1984, p. 42). 


On a national level, adoption of recycling technologies can have a major impact 
on water use. Israel's adoption of what amounts to a “best available technology" 
standard for industrial water use efficiency has reduced water use per unit value of 
industrial production by 70 percent over the last two decades. Sweden's industrial 
water use, primarily for pulp and paper, quintupled between 1930 and the mid-sixties: 
however, strict environmental protection requirements for the industry brought 


widespread adoption of recycling technologies, which, despite a doubling of 
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production, cut its total water use by half--a fourfold increase in water efficiency 
(Postel, 1984, pp. 42-43). The United States is expected to more than double pulp and 
paper production between 1981 and 2000, while reducing total water usage about 4 
percent; use of developing technologies could reduce water usage another 28 percent 
(Wyvill, Adams, and Valentine, 1985). The exact potential for such technologies in 
Canada is not known; however, when other countries are reducing water use per unit 
of output by 75 percent in resource-based industries such as pulp and paper, and 
Canada is not a known leader in recycling efforts, there must be much room for 


increased water use efficiency. 
3.3.8 Education 


Education about water conservation and management is seen as desirable both by 
the public and by water experts (DeYoung and Robinson, 1984). In addition, many 


initiatives in this area have been taken. 


Water system management materials suitable for Canadian school system 
environmental studies programs have been developed by the American Water Works 
Association (Bock, 1984). A water use index is currently published in the local daily 
newspaper by the Regional Municipality of Waterloo during summer months (Pawley, 
1984). A number of utilities insert with water bills pamphlets on water use and on 
suggestions for conservation. Other education activities also exist. However, there 
is little documented evidence of the effects on water demand of such programs by 


themselves. 


Part of the reason for this is that most education activities are undertaken as 
part of another specific project. In such cases it may be better to regard education 


programs not as measures which directly affect demand, but rather as both necessary 
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public relations activities and integral components of other specific management 


measures. 
3.4 Wastewater Collection Subsystem 
3.4.1 Reducing Infiltration 


Wastewater collection and treatment systems are also designed to meet maximum 
day and/or peak hour demands. A major problem in meeting these demands is caused 
by extraneous flow. Extraneous flow may result from infiltration of defects by 


groundwater, or from inflow of surface and/or stormwater into the system. 


Wastewater system expansions may be reduced through proper design, 
construction and routine preventive maintenance. Specific actions which can be 
taken include avoidance of areas of high water table for development, regular sewer 


inspection, and sewer relining or replacement (Benninger, 1984a; St. Onge, 1984). 
3.4.2 Reducing Inflow from New Development 


While it may be assumed that new development will have separate storm and 
wastewater systems, other measures deal specifically with connections of foundation 
drains, sump pumps or roof gutters to the wastewater collection system. Effective 
action consists not just of prohibiting such connections, but also of enforcing the 
prohibition. One measure which can be used where gravity connections to storm 
sewers are not practical is to require sump pumps draining weeping tile to be installed 
in all new residential construction, as has been done in Waterloo, Ontario: this 
reduces any temptation to make illegal connections to the sanitary sewer. Although 
enacted for a different purpose - drier basements, the policy of Cambridge, Ontario, 


to provide storm sewer connections to new residential development and to require 
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sump pump pits should have a similar effect. 


New development in some communities is specifically designed to facilitate 
retention and percolation of stormwater, reducing the load on storm sewers and 


streams. Such practices help manage the demand for stormwater facilities. 
3.4.3 Reducing Inflow from Existing Development 


The other part of the problem is correcting existing connections, which were 
almost a standard practice for many years. Even in areas where they were 
technically illegal, they were regarded often as minor sins especially if committed 
when the building inspector was not present. Now, while legislation such as the 
Ontario Municipal Act gives them authority, municipalities have been reluctant to 
force homeowners to correct inflow problems caused by improper connections. Fort 
Erie, Ontario, however, has done so and gave property owners a choice of correction 
arrangements: dealing with a government-tendered contractor at a fixed price, 
negotiating with a contractor of their own choice, or having the city order the work 


done and billed through city taxes (Robinson et al, 1984). 


3.5 Wastewater Treatment Subsystem 


B25 eleCoses 


As effluent volumes and levels of treatment increase, wastewater treatment 
costs rise rapidly. Reduction of wastewater flows can reduce treatment costs 
significantly in three ways. Reducing the peak volume of effluent water processed 
can defer the capital costs of expanding existing facilities; in most plants, lower flow 
rates provide for increased efficiency of plant processes due to me concentration 


of waste, and lower operating costs or improved effluent quality; and lower flows also 


a a7 = 
reduce untreated water overflows if or when the plant is overloaded. In the latter 
cases, the reduced costs are environmental rather than financial. Public cost 


information could assist. 


3.6 Wastewater Re-use 


Re-use refers to use by someone other than the original user, especially in an 
uncoordinated and random way (Viessman and Welty, 1984, p. 240). The water may be 
re-used without treatment where lower quality is acceptable, or may be reclaimed 


(treated for re-use) for the same or for a different purpose. 


3.6.1 Direct Re-Use 


For direct re-use, the wastewater is usually treated and then piped directly into a 


supply system. 


The supply system could be one for potable water. The City of Denver has 
planned for direct potable re-use by the end of this century, has completed pilot 
studies, and is currently testing effectiveness and safety of a lmgd demonstration 
plant and conducting studies on public attitudes and on appropriate methods of 
conducting a public education campaign (Lauer, Rogers and Ray, 1985; Lohman and 
Milliken, 1985). South African engineers estimate the cost of treating raw sewage to 
a quality suitable for drinking to be competitive with another surface source (World 


Environment Report, 1984b). 


Reclaimed municipal water may also be appropriate for non-potable uses. One of 
the principal benefits of non-potable re-use is the preservation of higher quality 
water for potable consumption. Such domestic non-potable re-use effectively 


requires a dual distribution system for potable and non-potable water. 


Sy: [ey ree 


» | ian - 
tL (Ae is nig aiey Oheth ' 
peugi 1 eMart’ ‘roa aoe 

- oe : a a 
7 62) & hed par We aaieeae eae tags 


= 


a 


_ 


S = 


: 2 aT fie Cn) “qrer aces Va bet 

a hae! ae 

a ? i we" ’ mh ‘ ie ates cio = ee, Sana net 
more 
Lae oS hd igen eh meals 
a Gop 9h » a eisai P 
¢ @-an Dew, otis Met 
: ares Nee neve Bene aaa 


ee | ? sa) Ske Are aeons 
| ia [Ey Munger 1 nphecats Soares, 


wa ey Ora Mey ve 


- » Vans 
a nt a vier ee etlg 
- ot oe ot Ader Meat 5 aaa a an aa 
= Le oer me in gigi AN 
ee id @ in @uar® and,\ seret sneaiiar Alan plone Ns 


he cohen abe ry <aueh = wit d. Ce el 
im = an ieee easel) | 
rr cmd ? 


= Hi ' = eo - 1 oon 7 


pon ay Ne =€ seein Oh ea vmeuaene le | 
aT SS git Vaan 1. anes , 
es 


oe at . 
; AS a - 7 ‘ 


oe 


— 38 met 
Re-use as cooling water and as boiler feed water are two principal industrial 
applications of reclaimed wastewater. For example, a nuclear power plant built in 
the desert outside Phoenix, Arizona, will draw on nearby communities’ treated 


wastewater, which the plant will re-use 15 times (Postel, 1984, p. 42). 


Re-use of municipal wastewater for irrigation has been endorsed by the 
Environment Council of Alberta to reduce deterioration of river water quality (ECA, 
1979, pp. 66-67). Additional benefits include savings in energy, treatment costs, 
groundwater supply augmentation, and nutrient utilization, but some level of 
treatment of the wastewater may be necessary because of public health concerns. In 
1981, Israel was already re-using 30 percent of municipal wastewater, mostly for 
irrigation, and by the turn of the century, projects re-using 80 percent (Postel, 1984, 


p47). 


Studies in Alberta have shown irrigation from a sewage lagoon has had no marked 
effect on soil chemistry and no identifiable impact on groundwater (Alberta 
Environment, 1978). Feasibility studies are being conducted on piping treated sewage 


from Calgary to irrigate 100,000 acres in southern Alberta (Thompson, 1984). 


Stormwater collected separately from wastewater can also be reclaimed for non- 
potable uses with appropriate physical treatment depending on the required quality; 
uses range from high quality steam boiler feedstock to industrial cooling to lawn 
irrigation, fire protection and landscape ponds (Viessman and Welty, 1984, p. 


250-252). 


3.6.2 Indirect Re-Use 


With indirect re-use, one or more stages, e.g. discharge or mixing with another 


water supply, are inserted between treatment and re-use. A common and accepted 
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example of indirect re-use is that of water users with intakes downstream of a 


wastewater treatment plant discharge outfall. 


Another example is the artificial recharge of groundwater aquifers with 
reclaimed water for storage, dilution, and later withdrawal and re-use. However, this 
form of re-use for drinking water is subject to the same concern as direct re-use: 
what chemical constituents are acceptable in potable water and in what 
concentration? High quality reclaimed water is already being stored in aquifers in 
California, but quality standards for potability have not yet been accepted (Viessman 


and Welty, 1984, p. 243). 
3.7 Summary of Municipal/Industrial Measures 


The measures discussed above are summarized in Figure 3.1. 
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Figure 3.1: Summary of Municipal/ Industrial 
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IV WATER SYSTEM EFFICIENCIES: IMPACTS & IMPLICATIONS 


4.1 Introduction 


The potential importance of additional water use efficiencies in Canadian 
agriculture must be emphasized because 
i agriculture is the largest single consumer of water in Canada, particularly on 
the Prairies, and 
2. the potential for major improvements in water use efficiencies in agriculture is 


still immense. 


Further implications beyond those discussed above are provided for two other 
longer term approaches to managing industrial and municipal demand: matching water 


quality and use, and constructing new structures to be more water-efficient. 


A summary of potential water use efficiency improvement potentials is provided 


at the end of the chapter. 
4.2 Efficiency Measures: Agriculture 


The dominant role of agriculture in both the withdrawal and consumption of 


water in Canada is illustrated in Figure 4.1 and accompanying Table 4.1. 


The principal implications of increased water use efficiencies in agriculture are 
considered with respect to the following: (1) dryland cultural practices, (2) water 
rights, (3) delivery systems, both on-farm and off-farm. (4) scheduling, and (5) pricing 


and metering. 
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4.2.1 Dryland Cultural Practices 


Many on-going changes in dryland cultural practices are having an obscure but 
very real impact on water use and, hence, groundwater levels and streamflows. These 
changes include shifting cropping patterns, tillage practices, harvesting technology, 
fertilizer practices, weed control practices, and crop genetics. The projected 
qualitative impact of these measures on water use during the next 15 years is 


indicated in accompanying Table rap 


Shifting cropping patterns, particularly away from summerfallow, are, however, 
very dependent upon relative prices and marketing opportunities! (Ed Braun, Pedocan, 


and Marv Anderson (Ed Braun et al), 1984). 


The role of water management in dryland agriculture is particularly important 
because its impact could be so pervasive: very, very modest improvements in dryland 
water use efficiencies on almost 40 million hectares of cropland and 155,000 farms on 
the Prairies would, in addition, reduce on-going soil degradation on the Prairies yet 
still increase its drought-proofing capability (Ed Braun et al, 1984). (Compare Table 


4.3 with Table 4.4) 


Facilitating changes in dryland cultural practices might be a particularly 
attractive water demand management strategy because the public cost of these 
water-saving technologies is relatively low. The public research expenditure required 


to develop drought-tolerant crops is an obvious exception. 


l ; : : 

In this context, there is still the age-old controversy over the "bias" in the Canadian 
Wheat Board market delivery system which, to some extent, still considers 
summerfallow a crop in its quota acreage calculations. 
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And, finally, one important side-effect of these anticipated changes in dryland 
agriculture is that they should also reduce the public pressure for more irrigation on 
the Prairies. Under this scenario, irrigation, ceterus paribus, would effectively 


become a relatively less profitable on-farm intensification option. 


4.2.2 Water Rights 


Water rights are the fundamental non-market regulatory mechanism presently 


utilized to allocate water, both between sectors and within the agricultural sector. 


In Alberta at least, water rights give irrigation farmers a quasi-legal right to 1.5 
acre-feet of water per acre, irrespective of how efficiently it is used. It is analogous 
to a non-transferable Pebaw eich quota. It cannot be bought, sold, or traded. It 
cannot be disassociated from the "assessed" irrigable acreage in question. As such. 
there are no built-in incentives to encourage water use adjustments (or efficiencies) 


over time. 


Perhaps the single most effective policy change required to facilitate more 
efficient water use in agriculture would involve making all water "quotas” terminable 


and/or transferable between farmers (land parcels), subject to District approval. 


The nature and extent of the efficiencies which could be secured by this 
institutional change are, however, unknown. An analysis of efficiency differences 
between transferable and non-transferable quotas in, say, the dairy industry would be 


instructive. 


A more extreme change would challenge historic riparian law whereby water 
rights are allocated (in practice, for perpetuity) successively to those who put water 


to a “beneficial use". For example, to reestablish public “ownership” over socially 


Se0TOeAg TeAN}[ND pue AYUsnoig 


“eUuTZay ‘SaTpnys Aysnoig ueMaYyo}eyXses ‘g 
Spued], DTAOAISTH (€86T) SIUeITNSUOD [TeMiep worz paqdepy 


“ON QuoweTyq Apn ys 


:3901n0sS 


ee a 


Sauo7 
JP4IO VI 1>9edu! OV f>pe)g 
vigg ul 19edy; soulw 


porsad kup 18 
-11ts> Bursep upint jadi 
peseausap SAA lonpod 
uo 120edui aAtiisog 


~PPIG VIL Uy Ay pseyrm 
- 18200 S11 Dedui BAIN ISOg 


139442 @ArLISOYg 


320498 BAIL 180g 


PUuoT | 7e8 peg 
ving Vt inroup ere) 


RIPE LINO? wo) |e jprmes 


SPH RIVHA 
Gs pepusuunNs2ay JO 23UBI210)1 
1UGno4p uv} SEeSPOIDUI sOoUNY 


{PO ueUD BuO uey) slaw 
Y)ie p21084) $8078 pue e60%28709 
PP PIQeay vi Saseossu! sOUIW 


Spoylsaw uo!) 

-P20GMs09U! ISEIPPOIQ jO StiLBd.o 
1¢@ BuIpueg peseessu; ‘'saieu 

YU] S2SCQIIUI sou ‘'PoO1e0u) BeVe 
peddbs> ul Saseeszu: 20! ay 


6ujWng pesses3ep 
SususGevey measis pernoudmu 
'@1QQ01s Buipueis Pet oessuy 


Guipees 1@ 6u0) 18:90 
PeuU1Quo>d avaw | 10s1uU09 

Poa 40; S/T MUD 40 Ww/t 
“Mitisq7s '96e)) 1) peseesseg 


WIIonpesd dow? etind ma 


Ul a8ees39p SIYBNOLp 8106 jee pesvessu! '4)6u0, 1} 3e)}0U 


~ th pe Fhe pre 1 ZB sEAIG 


2eds 
$PWZ 1105 42410 PLUS Weg 


@os> UV} Seswescu; 318d 41g 


UO 110138 2qQ Avemeng 


0002 - S86T 


yoeduy) BAIL IENG 


poised = AUP yeaa 14> Bursrp 
Worl!)ediunds pesPessop 'Aryay 
-19NPOsI uD yIeduI BAIN SOg 


$Qs> 4O 29U@I2(01 1UGBMOUp 
PEseos UI £1Dede BALI }S0qg 


Bui 4up 

Ul246 01 BFAD B50; doID jo 14 
Peorpes ‘e6e)) 11 pernpes uiis 
Pe1awsd wip 1394)2 BAIL IISOg 


$erD)up2) Guiddes) suc pw 
Gul issnrey aA IPAOUU! Ys rm 
PP 1Pwo UBM 139) 452 0411) 80g 


BP )2a1A dou 

O11 ese po At) (| Qris pum 
UL IBpPIS+PAYP fO JRC 

OG) DY) 1 Ded) BAL 11504 


asf yeajep uo joedw 


$3118 138A Gud 


Pepumunuw 234 4O 8218810) 
1UBrosp u! 8atbes2U1 sOURW 


{FomeLp BUD VRY! 2evay YI Mm 


P2e1eos) Seese puw efesar) 


SPi>}Qeay Ul SES BBIIU) sOUIW 


Spoylew ul} 


~avadsosu! IS®IPSOIg 4O st\Hdbe@ 
10 Guipueg peseessu: ‘seie vu; 
SOtGes>2uU! sOuRW 'Ppelees! wee 


peddos> ul setwessu; soley 


Gu) usnq pe 


-Sees28p ‘Bu; Amp vies6 pesesu2d 
-Ut 59909 paw mesis jo UD)) 


-NQI418 IP Perorda; '1yGB)euq 
2191S BGuipueis pesos; 


Guipees ie suojIe 


-J80D peulqesn> avaw |! }01UD> 


Peon 20; S(T mp 70 UD}! 
~t16Q 6S {96e,51) peseezeg 


WW lITwesd dD eind pe 


(@}5ed@ peswessu: 'y16us; uy) 
-@h0y Gu? vu! 


etwessu; soup 


W1Id139t3Q Artur 


$PUD7 | 105 WROUg WRO PUP WOUg 


Sr sts ssninnaemseiteeessmnemennsemsemmmse 


“S3IYIWYd FHL NO 


ASN Y3LYM 404 SNOTLWOT TdWI GNV S3DILIVYd TWeanlINd GNVTAYG G3LI30%d JO AYWHWNS 


co’? A 1GVL 


$2'12UR9 dou) 


$e211DFIg 


}O03}UD7) Porm 


$2a211284g 
Seri isey 


Gu) seq 


e@eiiis 


Susariag Gv; ams 


questionable water diversions for any purpose (at the expense of other uses), legal 
recourse to the "public trust” doctrine might be desirable: 
"Dating back to Roman times, (this doctrine) asserts that governments 
hold certain rights in trust for the public and can take action to protect 
them from private interests. Its application has potentially sweeping 
effects since even existing water permits or rights could be revoked in 
order to prevent violation of the public trust." (Postel, 1984) 
Water rights are a provincial responsibility. Nevertheless, federal initiatives could at 


least encourage study of the social, economic, environmental, and legal ramifications 


of changes to existing water rights legislation in Canada. 
4.2.3 Water Delivery Systems 


Delivery systems must be considered at two levels: off-farm (District) systems, 
and on-farm irrigation systems. The efficiency of each can be measured by looking at 


water conveyance efficiencies and farm water application efficiencies respectively. 


Regarding existing off-farm water conveyance efficiencies, Table 4.5 is 
suggestive. An average conveyance efficiency of 60 percent is characteristic of 
irrigation on the Shetieg. Yet a good quality open conveyance system should result in 
an 80 percent efficiency level; virtually 100 percent for pipe. Eight-100 percent 
conveyance efficiency levels would, by definition, deliver 20-40 percent more water 


to the farm gate. 


The socio-economic payoff to efficiency improvements of this magnitude is 
relatively high. Moreover, the relative socioeconomic benefit-cost (B/C) ratio for 
irrigation rehabilitation is generally better than the corresponding B/C ratio for new 


projects. 


TABLE 4.3 


CANADIAN AND PRAIRIE AGRICULTURE, 1981 


Canada Pramtes 
Total number of farms 318361 IS4.X16 
Number of farms with sales of $2500 or 271.004 142,023 
more 
Number of farms: wheat! 55,780 $4.579 
Number of farms: small grains! S2.086 35.188 
Improved Area (million hectares) 
Under crops 310 24.6 
Summer tallow 7) Qs 
Pasture 4.4 DAS) 
Total? Ww | Rey aay: 
Improved area per farm (hectares) 1449 2446 
Cropped Arca (million hectares) 
Wheat a4 eal 
Barley ets 5) 
Other prains? Raut ies 
Total grains SIGs 2 i 
Rapeseed 14 14 
Other oilseeds aD) Q7 
Total Oilseeds set Jal 


Notes. | Farms with sales of $2,500 of more, by major product sold 


7 Including other improved Jand uses 


> Oats, mixed grains, corn, nye, buckwheat 


* Flaxseed, soybeans, sunflowers. mustard seed 


Source. Statistics Canada, /98/ Census of Canada 
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Some empirical evidence for the South Saskatchewan River Basin (Oldman River), 


each developed using an identical methodology, is illustrative: (Marv Anderson, 


1983a) 
Rehabiiatatazons LD No; ee eS BY Cre rae 
BDENGE 2s Bye 
New Development Option 1...B/C iM 2 
Opriones..5/C = sia 
Option 3 2528/ Cease 


More recently public hearings re-affirmed that: 
There was complete agreement... that rehabilitation of existing 
conveyance structures and facilities was the highest priority in the 
development of irrigation in southern Alberta [because of] the additional 
water that would be available if transmission losses were reduced and 
[because of] the reduction in seepage and the consequent reduction in 
salinization. (ECA, 1979) 


This ignores distributional questions. 


With respect to environmental impacts, our tentative conclusion would be similar. 
The net impact should be more positive for rehabilitation than for new irrigation 


development on more marginal lands. 


Again, however, the jurisdictional ramifications do not make this choice so 
obvious. Provincial and federal cost sharing agreements in both Alberta and 
Saskatchewan, at least, are generally more favourable for major irrigation structures 
(such as new reservoirs and main canals) than for Irrigation District rehabilitation. 


From a socioeconomic and environmental perspective, this is perverse. 


At the farm level, water application efficiencies are heavily dependent upon both 


the method of irrigation and on the way the irrigation system is managed. 


Surface irrigation systems of the border and contour ditch type were the earliest 
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to be used. As the irrigated area increased and greater efficiency was required, 
border dyke and furrow systems came into use. Sprinkler irrigation has become 
increasingly popular over the past 20 years with the major shift to these systems 
occuring in the period 1960-64. Now about two-thirds of Prairie irrigation is irrigated 
by sprinkler systems (about one-half of which is center pivots) and one-third is 
irrigated by surface systems. Sprinkler irrigation is used mainly for the irrigation of 
intensive crops such as sugar beets, green peas, potatoes, and some cereal grains. 


Surface irrigation is more typical for pasture, forage crops, and cereals. 


The resulting on-farm efficiency rates are presently about 50 percent (Table 4,5). 
A further shift to sprinkler (and drip) systems would result in still higher on-farm 


water application efficiency levels. 


But most irrigation experts agree that the actual efficiency of water use obtained 
in the field depends as much on the way the irrigation system is managed as on the 
type used. Although drip irrigation may be inherently more efficient by design, the 
wide average range of efficiency for each system--40-80 percent for gravity flow, 
75-85 percent fora center pivot sprinkler, and 60-92 percent for a drip system--shows 
that management is a key determinant. Farmers using conventional gravity-flow 
systems, for example, can cut their water demands by 30 percent by capturing and 
recycling the water that would otherwise run off the field. Some U.S. jurisdictions 
now require these tailwater reuse systems while many U.S. farmers who pump water 
from aquifers find that a tailwater reuse system is less expensive than pumping 


additional well water (Postel, 1984). 


In Canada, with a low cost (to the farmer) supply of surface water assured at the 


farm gate, the economics are different; the economic incentives to use water more 


TABLE 4.5 


ESTIMATED IRRIGATION EFFICIENCIES FOR SELECTED 
IRRIGATION DISTRICTS IN ALBERTA, 1978 


—————— 


Dellvery Farm Irrigation 
District Efficlency* Efficlency**  Efficlency***** 

tir Ona a ae gers oS PERCEN bxv.arctes cea 
SMRID West 25 50 27 
SMRID East 77 50 39 
LNID 60 Gy 26 
TID 22 58 42 
RID 4S 40 18 
MID 45 40 18 
UID 40 DS 14 
Aetna, Mountain View, & 
Leavitt Districts 40 35 14 
OLDMAN RIVER BASIN Caverage) 64 4g 31 
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The ratio Cor percent) of the volume of water delivered at the farm 
headgate, by an open or closed conveyance system, to the volume of 
water delivered to the conveyance system at the supply source(s). 
Also termed "water conveyance efficiency". 


The ratio Cor percent) of the volume of Irrigation water transpired 
by plants plus that evaporated from the sol] plus that necessary to 
maintaln a favourable salt content In the soll solution, to the 
volume dellvered. Also temed "water application efficiency'', 


The ratio Cor percent) of the volume of water that is beneficially 
Stored in the root zone to the volume of water initially diverted 
Or stored for Irrigation. It Is the mathematical product of the 
water application efficiency, the water conveyance efficiency, and 
CIf applicable) the reservoir storage efficlency. 


Source: Stanley/SLN Consulting, Oldman River Basin Irrtaation Studles 


Summary Report, Alberta Environment, Edmonton, 1978, pp. 4-5. 
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efficiently on the farm are less pronounced. 


The net result is that about one-half of the water diverted for irrigation is 


presently lost to agriculture. It is withdrawn but not consumed (Table 4.1). 


This, however, may overstate on-going “losses”. If we recognize that return flows 
to natural systems are not real "losses" and further calculate that return flows 
account for 15 to 20 percent of the traditional "efficiency" loss, then estimated 


efficiency levels are somewhat higher, say 60 percent (Table 4.6). 


This logic can be questioned. But what is irrefutable is that higher water use 
efficiencies in agriculture will not likely release water for other uses. Indeed, just 
the opposite outcome would be expected and less water would actually reach 


potential downstream users. 


In short, the socio-economic benefits of higher water delivery efficiencies are 
largely intra-sectoral. Efficiency gains by existing irrigators might also moderate the 
demands for further irrigation development because existing water supplies will 
subsequently irrigate more land (or the same land more intensively). On the other 
hand, greater irrigation efficiencies will increase the profitability of irrigation vis-a- 
vis dryland and this, in turn, would tend to increase the demand for more water for 


additional irrigation development on existing drylands.! 


1 . Do ie : 
The development process in Israel is illustrative. Through the widespread adoption 


of sprinkler and drip systems and excellent management, the average volume of water 
applied per hectare declined by nearly 20 percent between 1967 and 1981, allowing 
the nation's irrigated area to expand 39 percent while irrigation water withdrawals 
rose by only 13 percent. (Postel, 1984) 


TABLE 4.6 


DISTRICT IRRIGATION WATER EFFICIENCIES IN THE ALBERTA 
PORTION OF THE SASKATCHEWAN-NELSON BASIN (%) 


Overall Diversion Efficiency Effective Efficiency 


Year Wcu - Pr Wcu - Pr 
Dg Og - Fr 
a ee ae 
1951 33 20 122.54 
1956 55.4] 80.78 
1961 42.83 61.56 
1966 39.72 85.44 
1971 44.29 59.62 
1976 47.35 62.60 
1977 45.8] 58.67 
1978 32.05 46.84 
ee ee eee = 
Overall diversion efficiency = tee 


: pays Wcu - Pr 

Effective efficiency .Ooncahn 

where Wcu = crop consumptive use values 
Pr = precipitation from May 1 to September 30 
Dg = gross water diversion to the District 


Fr = return flow from the District 


Source: Alberta Environment (1982) Prairie Provinces Water Board, Water 


Demand Study, Agricultural Water Uses--Alberta Planning Division, 


Edmonton 


4.2.4 Water Scheduling 


Like water delivery systems, water scheduling has both an off-farm and on-farm 


component. 


The objective of improved scheduling is to adjust water withdrawals considering 
actual weather conditions, evapotranspiration rates, soil moisture, and crop water 


requirements. 


Most Irrigation Districts in Canada have managers and "ditch riders” to regulate 
flows through the system. For major systems, proper scheduling is a complex and 
increasingly sophisticated process. When it takes, say, a week for water to go from 
the main turnout to the last farmer at the other end (like the large St. Mary 


Irrigation District in S. Alberta), proper scheduling becomes especially critical. 


Proper scheduling has two payoffs: (1) it results in water savings, and (2) 
irrigating precisely when it is required (before the crop is under stress) increases crop 
yields substantially. Proper scheduling can reduce water needs by 20-30 percent yet 


increase yields by a similar percentage (Postel, 1984). 


Both system and on-farm scheduling can be improved further by using 
computerized water balance models, computerized models to estimate crop water 
requirements, and telephone “hotlines”. In Canada, however, this level of 


sophistication is still in its infancy. 
4.2.5 Pricing and Metering 


Perhaps no other water-related topic has received so much attention by resource 


economists. An extensive literature review was completed by Marv Anderson and 


Associates (1978b). 


Yet what most of these studies establish is a price elasticity of demand for 
irrigation water; not the expected socioeconomic benefits and costs of actually 
increasing the real price of water to manage this resource more effectively. 
Economists in general seem to simply assume that this socio-economic payoff would 
be considerable. This, however, is not readily apparent--perhaps, in part, because so 
few irrigation authorities have actually experimented with price adjustments to try to 


regulate demands. 


Price rigidities may, in fact, be almost imperative, ceterus paribus, because of 
the structure of the agricultural industry itself. In agriculture, there is a strong 
tendency for the residual "profits" from various factors of production to be quickly 
capitalized into the value of the land (PFRA, 1984b). If, in fact, this is true. then 


water prices may really only be flexible with respect to new irrigation. 


Nevertheless. the potential for using an effective price to allocate limited 
supplies of water to irrigation is still very appealing because even modest water price 
increases (i.e. lower implicit subsidies) would have a very major impact on how water 
is used particularly on the Prairies. In part, this is because there is a pronounced 
"kink" in the demand curve for irrigation water in Western Canada, as illustrated in 
accompanying Figure 4.2 (i.e. Section A is much "flatter" than Section B). The reason 
for this "kink" can be traced to the use of water on marginally profitable low-value 
crops which would no longer be profitable to irrigate with even very modest water 


price increases (Marv Anderson, 1978b). 


With adequate markets for higher-valued crops ‘so cropping patterns would 


change), this might/might not actually "save" water. This would depend upon the 


Dottars per Acre Fool 


Figure 4.2 


“STEPPED" AGGREGATE DEMAND CURVE FOR IRRIGATION 
WATER (MANITOBA FARMS) 


84 . ig 
[| A: Q. © 72,820 - 4118.9 F 
72° 60) " “w } woah 
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Source: W. J. Craddock (1971) "Linear Programming Models for 
Determining Irrigation Demand for Water", Canadian 


Journal of Agricultural Economics Vol. 19, November. 
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consumptive water requirements of the new versus old crop mix. But at the very 
least, there would be a net social gain (via lower implicit subsidies) and net returns to 


farmers with irrigation would climb. 


A more politically palatable policy might simply involve water metering and 
effective water quotas, given a flat rate (and inflexible) price structure. There is at 
least some evidence to suggest that water metering alone might result in water 
savings of 10 or 20 percent. At this juncture, however, even the effective metering 


of irrigation water in Canada is not widespread. 


Augmenting water prices and/or metering would also stimulate further 
improvements to water delivery systems which, in turn, would reduce seepage and 
salinity accumulations along existing canals. But too little water could also limit the 
on-farm opportunity to flush excess salts from the soil (which, of course, can also 


reduce the quality of return flows). The net environmental impact is obscure. 


Perhaps a major reason that an effective water pricing policy is not used to 
regulate irrigation water demand is jurisdictional. At least in Alberta, Irrigation 
Districts are largely self-governing bodies, somewhat similar to municipalities or 
counties. Water rates are, in effect, self-imposed taxes. Here again, it might be 
argued that the price of a provincial-national resource should not be unilaterally 


determined by potential regional users of the resource in question. 
4.3 Efficiency Measures: Municipal/Industrial 
4.3.1 Matching Quality and Use 


One reason that recognizing the concept of matching quality and use is important 


is because potability may be getting more difficult to assure. making such supplies 


Ane = 

more precious. While water treatment to compensate for bacteriological problems 
has been quite well developed, treatment for trace toxics which are now becoming 
detectable has not. Perhaps of most import is that the detectability of, and the 
recent concern about, such toxics is likely to continue to lead both knowledge about 
their effects and ability to remove them (Robinson et al, 1984). One longer term 
implication of the trace toxic problem for demand management is that treating all 
municipally supplied water for potability could become much more costly, resulting in 


severe price increases which would affect demand. 


The only alternatives are variations on the theme of matching quality and use: 

a) consideration of separate provision of waters of different quality for different 
purposes; and/or 

b) encouragement of point-of-use treatment or use of other sources, e.g. bottled 
water for those especially concerned about unknown effects of trace 
contaminants. 

Any of these would have significant impacts on the water use system, including equity 


and safety (Robinson et al., 1984). 


Another implication of our inability to routinely treat toxics is that the quality- 
demand relationship should be more clearly ised for residential/commercial and 
for industrial water users in each area. This is a prerequisite for development of 
emergency procedures for catastrophes, e.g., accident or sabotage rendering part or 
all of the supply non-potable. While some water supply systems have plans at some 
level for dealing with drought or unexpected low quantity, almost none have 
procedures for sudden problems with quality. While now rare, plans for both should be 
developed as water supplies are vulnerable; disasters would require the ultimate in 


management of demand. 
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Matching quality and use will become more important in Canada, and will not 
come about just through use of non-potable supply sources. It is also happening 
through industrial recycling and through re-use of wastewater and stormwater, 


discussed above in sections 3.3.7 and 3.6. 
ee Suk Constructing New Structures to be More Water-Efficient 


While the discussion in section 3.3.3 showed that technology exists to reduce 
domestic consumption, such water-efficient fixtures are readily available in Canada 
(Anderson, 1984). Also, the cost increases for low use over conventional fixtures are 
small, in the range of $8-20 in 1980, and the cost savings through lower water 
consumption more than justify their use in specific regions (Howard-Ferreira and 
Robinson, 1980a). The question that remains is the method which should be used to 


maximize their installation where desirable. 
(a) Regulation 


The most common approach in such a case is that of regulation. It has been used 


quite successfully in many cities in the United States. 


For a number of years discussions have been held with Ontario government staff 
and associated agencies re the implementation of regulations that would encourage 
the use of water efficient plumbing fixtures because the province has regulatory 
jurisdiction. In 1977, almost all major municipalities requested that the Ontario 
Water Resources Act Regulation 647 (plumbing regulations) be amended to 
accommodate needs of local municipalities desiring water efficiency. Such an 
amendment would provide at minimum for an alternate set of regulations which could 


apply to specific areas where water use was a significant concern. 
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However, the Province did not act at that time on the rationale that such a move 
might spur a revision back to the pre-1952 era when each municipality had its own 
plumbing code. One specific concern was that uniform provincial regulations 
improved efficiency in the building industry by facilitating mobility of trades. 
Another was that the existing regulations were developed for health and safety 
objectives only, not for economic or other objectives, and thus any such change would 


require a new philosophical base for them. 


Since then, discussions have also been held with the Canadian Standards 
Association (CSA) and three large domestic toilet manufacturers. A request was 
made that the manufacturers post the flush volume of their products on the CSA 
certification sticker in a similar fashion to that used to indicate the energy 
consumption of appliances. This approach was rejected initially as the manufacturers 
were concerned that flush volume not become a basis for customer purchase 
decisions. At subsequent meetings, however, it was agreed that those water closets 
advertised as being "water-efficient" would be tested by the Certification Division of 
CSA as to whether they met a "water conservation standard”. An amendment to the 
CSA B-45 series ae standards provides for certification of water closets as 
"conservation type" providing they do not use more than 13.25 litres per flush. This is 


a mid-range limit which many current water closets could reach (CSA, 1984). 


However, although Canadian standards for "conservation type” or water-efficient 
toilets now exist, there is as vet no legal means provided by the provincial 
government, or available to local or regional municipalities, to require their 
installation in any region (Howard-Ferreira and Robinson, 1980a). In the absence of 
such means, there is no straight-forward approach in areas where such fixtures should 


be used for water-efficiency or economic reasons. 


(b) Incentive Program 


The Regional Municipality of Waterloo in 1981 approved funding for a program 
providing a $75.00 rebate for each newly constructed dwelling in which water- 
efficient fixtures were installed. The dwelling had to be supplied by public water 
distribution va wastewater collection facilities. Implementation did not begin until 
late 1984 after development of detailed procedures and a catalogue for identification 


of qualifying water-efficient fixtures. 


While such a program may be considered desirable in that it retains a voluntary 
complexion, it could not have been implemented without the goodwill and substantial 
cooperation among the politicians and staff of the several local municipalities and of 
the Regional Municipality of Waterloo. Such goodwill and cooperation may not be 


present in all regions where action is desirable. 


The effect of the program in changing the mix of fixtures installed remains to be 


seen. 
4.4 Summary of Water Use Efficiency Improvement Potential 


In the absence of market or non-market constraints to improved water use 


efficiencies, the potential productivity gains in the agricultural sector are enormous: 


Dryland Cultural Practices 153 X 40 M hectares 
Water Delivery Systems: 
Off-Farm 25% X 500,000 ha. 
On-Farm 25% X 500,000 ha. 
Water Scheduling 29% X S00;7000 ha. 
Water ‘Pricing Unknown 
Water Metering L5% X 5007000 tax 


Note, in particular, that this would essentially double irrigated production, given 


existing water supplies. 


Thus: 


I; Water demand management policies which focus on improving water use 
efficiencies in agriculture would, almost by definition, translate into more 
efficient, more profitable farming operations in Canada. 


2. Further, it would allow for considerable irrigation expansion (or intensification) 


with existing water supplies. 
3. In addition, this should moderate the short-run demands for water for irrigation. 


4. At the same time, water "savings" to accommodate other potential water users 


are not envisioned. 


The anticipated effects of demand management measures on municipal and 


industrial use are summarized in Table 4.7. 


Table 4.7 Summary of Water Use Efficiency Potentials: 
Municipal and Industrial Measures 


Measure 
A. Short-Term Measures 


(Based on Experiential Data) 


Change 


|. Leak detection end maintenance Reduce line losses 


2. Meter ing 


3. Rate structure modification 


a)user pay policy, including 


sewer surcharge 

b)user pay policy, adding 
excess use charge 

4. Retrofitting 

8)Totlet + shower devices 
75% retention 

b)Stop toilet leaks 

c)Shower + faucet device, 
stop toilet leaks 


5. Regulation of weter pressure 


Reduce residential total use 
(small municipalities) 
Reduce residential outdoor use 

Reduce total use 


Reduce maximum dey demand 


Reduce residential use where installed 


(N.B. also energy savings) 


(N.B. also energy savings) 
Reduce residential use, high 
pressure areas (> 625 kpa) 


6. Insulated/heat traced services Reduce use, northern 


7. Recycling 
a)individual firms 


b nationally 
B. Longer Term Measures 


1. Pressure regulation 


2. Weter - efficient new 
structures 
8)Low flush toilets 
i)North American [A] 
(13.25 1./flush) 
11)European 
(9 1./fush) 


b)Low-flow showerheads [B ] 


(11.4 1./min.) 
C)Low-flow faucets 
d)Low flush totlets [A] + 


low-flow showerheads [B]) 


1)single family 
{i )multiple family 
3.Water - efficient app|iances 


a)Clotheswashers 
b Dishwashers 


communities 


Reduce use/unit output 


Reduce use, new residential/ 
commercial development, 


high pressure areas 
Reduce use, new residential 
development 


(N.B. also energy savings) 
(N.B. also energy savings) 


Reduce residential use st rate 


of turnover + new installations 


Percent References 


(Max) 
(40) Tate, 1984 
(13-20) Loudon, 1984 
20 USHUD , 1984 
Jo Loudon, 1984 
12.5 Griffith, 1984 
5.5-8.8 USHUD, 1984 
(42) USHUD, 1984 
(65) USHUD, 1984 
6 USHUD, 1984 
(SO) Robinson et al., 
1984 
(94-97) Postel, 1984; 
Krueger , 1984 
(75) Pastel, 1984 
(6) USHUD, 1984 
14 USHUD, 1984 
2) 
13. USHUD, 1984 
0.88 AWWA, 1981 
23 ~USHUD, 1984 
29  USHUD, 1984 
3.0 USHUD, 1984 
1.8 USHUD, 1984 
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Vv. OBSTACLES AND OPPORTUNITIES 


5.1 Obstacles 


The principal obstacles to developing a more broadly-based water demand 


management strategy generally have a social-political dimension. 


1. The fundamental constraint is that greater efficiencies (as employed in the 
proceeding) are only one of many objectives in the policy-making process. In fact, in 
the politics of water the active political players are not really interested in relative 
total social costs and benefits. What is important to them is the distribution of costs 
and benefits of a particular policy option: 
...from the perspective of interests in the project area,...it does not 

matter if national economic benefits are less than costs. Interests in 

the project area focus upon the benefits that are heaped on their 

locality and ignore the costs which are distributed to a diffuse national 

[or provincial] public (Martin, 1982, p. 130). 
In other words, in this context regional or sectoral equity considerations take 
precedence over efficiency considerations. They are preoccupied with the longer- 
term distribution of wealth. Physical possession of water supplies is the ultimate 
prize: "Possession is nime-tenths of the law." And then quickly establishing 
artificially high use-levels (via built-in inefficiencies and perverse pricing) effectively 
acts as a hedge against even higher potential water requirements in the future: “Use 


ie (oye IKoysyer ine, 


2. Related to (1) is the fact that agricultural communities (including public and 


private "support services”) with potential access to irrigation have a fundamental 
"water-is-different" philosophy. Water is believed to give rise to a Midas Touch, 


creating wealth and guaranteeing a prosperous future wherever it is present in ample 


quantities: 


",..there are a number of Opportunities across the Prairies for expanded 
development of water supplies...The process of removing these 
constraints can contribute to economic activity and employment within 
the Prairie region and throughout Canada. The infrastructure installed 
by a policy of water development can create Opportunities for future 
generations of Canadians" (PFRA, 1984b) 


And this is undoubtedly true in a site specific or regional context, even though 
there is little or no evidence to support the proposition that increased water supplies 
augment overall economic growth and development (Cicchetti et al L975 Cox st al.) 
1971; Fullerton et al., 1975; Kelso et ales: Rivkin-Carson, 1973). The similar 
assumption that continued economic growth would require increased energy 


consumption has already been proved false since LOT3. 


Once again the issue here is the structure of development and, hence, ultimately, 


the distribution of wealth and power. 


3. Historically, water has been an inexpensive commodity and even the marginal cost 


of new supply has been quite low; supply augmentation seemed the obvious answer. 


For the manufacturing industries that use a great deal of water--primary metals, 
chemicals, food products, pulp and paper and petroleum--the cost of water is rarely 
more than 3 percent of total manufacturing expenses. Incentives to use water more 
efficiently have come either from strict water allocations or stringent pollution 


control requirements (Postel, 1984, pp. 42-43). 


4. While a supply management approach tends to lead to decisions favouring system 
expansion, bias toward such decisions have a deeper base than the management 


approach. Occasionally, a large visible facility, even if more costly, may be 
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preferred by politicians over improving management, which may be less visible. Such 
a facility has the added advantage of the capability of being used to honour a 


politician (Tate, 1984). 


Additionally, payment for implementation of many demand management measures 
would be allocated to a water manager's operating budget which is often pressured by 
politicians in an attempt to reduce rates and taxes in the short term. Projects which 


can be capitalized may be more readily approved. 


Provincial subsidies are frequently available for capital projects while programs 
to reduce the need for such projects must all be funded locally. This provides 


additional incentive for decision-makers to favour a system expansion. 


A number of demand management measures require metering of use as a basic 
prerequisite. However, most regulators, e.g. provincial governments, have not 


exercised their authority to require installation of water meters in municipalities. 


5. The institutional separation of functional responsibilities for the various 
subsystems can make integrated management almost impossible without a high degree 


or cooperation. And this level of cooperation generally has not been forthcoming yet. 


It is in this context that we can briefly address how the federal government might 


encourage greater application of water demand management in Canada. 


5.2 Federal Initiatives 


The list of federal initiatives which might be proposed in the above context Is 
almost endless. We will briefly discuss seven practical policies or policy changes 


which would, in our professional judgement, greatly enhance water-use efficiencies in 


Canada. 


These include the following: 


In-house institutional reform 

Re-focus technical support services 
Research-Extension/Education 

Revision of cost-sharing programs 

Improved public information services 

Income tax incentives 

Reducing residential use: water-efficient fixtures, and 
Inter-governmental support 


CONDOM RB WD Ee 


5.2.1 In-House Institutional Reform 


The Inland Waters Directorate of Environment Canada, (IWD), has responsibility 
for water management in five main areas: water data and monitoring, international 
relations, ambient water quality measurement, water planning, and research (EC, 


1977). 


While it is recognized that other agencies are involved, the IWD is the principal 
national water planning agency in Canada. Their role should therefore be expanded in 


line with section 5.2.5 following. 


Closer coordination of water-related activities between Energy, Mines and 
Resources, Environment Canada, Indian and Northern Affairs, and Agriculture Canada 
is also highly desirable (Agriculture Canada, 1984). From a national perspective, 
resource use must be examined in a global context, especially land and water. This is 
particularly apparent when one considers current inter-related soil degradation issues 


‘Ed Braun et al., 1984; Senate of Canada, 1984). 


The important point here is that the federal government already has the power 
1.e., potential policy instruments) to alter the long-term structure. of 
industrial/agricultural productioi throughout Canada. This applies to both production 


\e.g., grain quota and grain stabilization programs) and resource use (e.g., fuel taxes). 
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By affecting the long-term economic structure of the economy, the demand 
(consumption) for water will also be affected because industrial/agricultural water 
demands are, in effect, a derived demand. In the longer-term, this represents 
sufficient leverage to greatly affect total water consumption requirements, even in 


the absence of direct controls over the water resource per se. 


5.2.2 Re-Focus Technical Support Service 


Federal technical support services have generally been characterized by a very 
pronounced bias in favour of engineering services. This is best exemplified by Prairie 
Farm Rehabilitation Administration (PFRA) expenditure patterns where Soil and 
Water Conservation Technical Services are still in their infancy (Table 5.1 and Figure 


Bel )e 


In addition, PFRA essentially volunteers its engineering services to provincial 
governments on the Prairies for the purpose of investigating the technical feasibility 
of newly proposed water supply schemes in the Province(s) in question. The 
underlying wisdom of this rather indiscriminate policy might also be re-examined. 


(Also see section 5.2.5 following.) 
5.2.3 Research and Extension-Education 


It has been documented well in agriculture that the socioeconomic payoff to 
research is relatively high, often much higher than the return to other investments 
(Table 5.2). Some isolated success stories indicate even higher annual returns to 
research are possible. For example, canola research in Canada during 1960-1975 
reportedly yielded a 95-110 percent return per annum (Nagy and Furtan, 1977). At 
least two dozen other studies on the return to agricultural research (which all 


document relatively high payoffs) have been catalogued (Evenson, 1979). 
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Despite its evident value, very little research has been conducted in Canada on 
water demand management. A major factor contributing to this is that the federal 
research budget available for such work is low and has been effectively declining 

Table 5.2 
ESTIMATED RETURNS FROM INVESTMENT IN ALL 


AGRICULTURAL RESEARCH IN THE UNITED STATES 


Investigator Year Period Annual Return (3%) 

Peterson and Fitzharris L977 1937-1942 50 
1947-1952 Sul. 
1957-1962 49 
1957-1972 34 

Griliches 1964 1949-1959 35-40 

Evenson 1968 1949-1959 47 

Lu and Cline 1977 1938-1948 30 

Source: R. E. Evenson et al. (1979) "Economic Benefits from Research: An 


Example from Agriculture", Science Vol. 205, No. 4411, Sept. 14. 


annually. For example, the total budget for the Inland Waters Directorate's Water 
Resources Research Support program, only a fraction of which can be allocated for 
demand management research, has held constant at $250,000 since the late 1970's. In 
addition, the work of the Inland Waters Directorate's two research institutes has not 


addressed this area of research. 


Clearly, more funds are needed to stimulate research in this area, even if they 
only are used to match research expenditures on demand management by lower levels 


of government. 


Such research should investigate not just the effects on reducing water use, but 


also the broader questions of all beneficial and adverse effects. 


In the municipal and industrial sectors, research on the effects of policy changes 


and of technological modifications in the Canadian context are needed. The potential 


= Ys = 
for recyling technologies in Canadian industry needs to be examined and documented 
to assist in policy development. Further research is also needed on practical re-use 
possibilities for wastewater and for collected stormwater. One basis for federal 


involvement in such research is the potential for reduction of pollution of the Great 


Lakes. 


One area of demand management needing particular attention is the development 
of Canadian research and experience on rate structure alternatives better reflecting 
costs of supply and on how to successfully implement such rate changes (i.e. the 
practice as well as the theory). Dissemination of this information, and information on 
metering, is required not just to water managers, but also to decision-makers and 
especially to the general public who have had little or no experience with significant 


real changes in the cost of water (DeYoung and Robinson, 1984). 


In agriculture, funding both for research and for extension-education with a well- 
defined focus on water conservation is required. This long-term program would key 
on some of the more prominent on-farm water-saving technologies, some of which are 
still in their infancy, including: 

--improved irrigation scheduling 

--improved irrigation technologies for Canada 
--minimum tillage 

--use of stubble mulches 

--improved snow management 


--drought-resistant crop varieties (cereals and forages). 


Each research component would ideally have its extension-education counterpart. 
This would generally be done in cooperation with provincial extension services, 


similar to an on-going salinity control project in south-eastern Alberta. In the longer- 
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run, this would greatly enhance on-farm water-use efficiency levels. 
5.2.4 Revise Program Structure 


This initiative would re-examine all land and water related program expenditure 
priorities, expenditures which generally relate to existing costsharing agreements 


with the respective provinces. 


The historical provincial bias in favour of water supply augmentation and status 
quo expansion (versus demand management and expansion with structural change) is 
expected and widely acknowledged. (See, for example, accompanying Table 3.3) The 
objective here would be to re-direct some of these funds towards viable water 


demand management alternatives. 
ce Provide Additional Support to Public Information Services 


As already discussed in the preceding, the socio-political system almost makes 
financial-technical support for broadly-based public interest groups obligatory. This 
is required to counter the inherent advantages held by special interest groups. This 
might also involve more actively supporting provincial or inter-provincial river basin 


studies, particularly comprehensive planning studies such as the on-going SSRBPP. 
5.2.6 Tax Incentives 


In this context, numerous income tax incentives could be devised. For example, a 
tax credit could be offered for improving on-farm distribution systems (e.g., lining 


on-farm ditches) or. perhaps, for planting drought tolerant crop varieties. 


Another use of tax credits might involve encouraging the multiple use of existing 


water supplies, e.g., farmer tax credits for slough consolidation to support waterfowl 


TABLE 5.3 


WATER MANAGEMENT EXPENDITURES IN SASKATCHEWAN, 1935-1980 


foe eS ST Ee ee 


Rypendificess Program 
Program/Program Category SM 1980 Ranking 


1. Water Augmentation 


South Saskatchewan River Irrigation Project 433 3 
Individual & Neighbor Stockwater Dams, 141 5 
Dugouts, & Other Source Development 

Southwest Saskatchewan Irrigation Projects 131 6 
Farm Water & Sewage 88 8 
Individual & Neighbor Farm Wells 24 15 
Individual & Neighbor Irrigation Projects 16 18 
Irrigation Development for Organized Groups 13 19 
Sub-Total $ 846 (33.0%) 


2. Water Conservation 


Saskatchewan Research Council 18 16 
Tree Planting & Shelterbelt Program 7 1! 
Sub-Total $ 355 (142) 

3. Modification of Demand Teale 


4. Modification of Intra-Sectoral 
Characteristics 


PFRA Community Pastures 105 i 
Municipal Water Assistance Boards 67 2) 
Association Pastures 54 10 
Provincial Pastures SZ Be 
Ducks Unlimited 41 LZ 
Agricultural Service Centers 41 13 
Community Capital Fund LZ 20 
Sub-Total $ 372 Cl46.58) 


5. Spread/Share Losses & Costs 


Debt Adjustment 540 1 
Prairie Farm Assistance Act 467 Z 
Crop Insurance 279 4 
Herd Maintenance Assistance Program 26 14 
Sub-Total po ieee oer 4 


a 
Based on the top twenty programs and tabulated expenditures ($ real) 
during 1935-80. 


Program category shares indicated in brackets. 


Source: 


Marv Anderson & Associates Ltd. (1983) Catalogue of Drought Programs 
Study Element 15A, Saskatchewan Drought Studies, Regina, March. 
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habitat and hunting, or farmer tax credits to encourage the supplemental irrigation of 


highlands with excess water from neighboring lowlands. 
5.2.7 Reducing Residential Use: Water-Efficient Fixtures 
(a) Establishment of a "WATERGUIDE" Program 


Such a program would be modelled on the current ENERGUIDE program (Tryfos 
and Fenwick, 1984) and could be implemented in cooperation with Consumer and 


Corporate Affairs. 


Objectives of such a program would be threefold: 

L; to enable purchasers to compare the water consumption of available models and 
to choose from comparable models the one that consumes the least amount of 
water; 

bes to allow retailers to assist their customers in making purchase decisions based in 
part on the water consumption of the featured models, and: 

3. to encourage fixture manufacturers to improve the water efficiency of fixtures 


and appliances through research, design and development. 


Initially at least, the program should be based only on water closets. If 


successful, other fixtures and fittings could be added in the future. 


One step toward this goal occurred with creation of a water conservation 


standard for water closets discussed above in section 4.3.2. 


Such standards are desirable as an intermediate phase in helping shift purchases 
to models below the threshold. However, they do not serve to differentiate among 


fixtures meeting the standard, although as implied in section 3.3.1, there are wide 


= 


efficiency variations among fixtures meeting a low-use standard. 


The ENERGUIDE program appears to have had a significant effect on domestic 
appliance energy consumption. (Tryfos and Fenwick, 1984, p. 52). The least efficient 
models disappeared from the market, but only small efficiency improvements over 
existing technology had occurred within the first three years of the program. The net 
effect in that time was to increase the market share of the most efficient models. 
The market by itself did not work this way until the program started. The prior 
problem may have been that efficiency was unrecognizable, or was not valued before 
ENERGUIDE, or that the market was not competitive. Nevertheless, while many 
other factors clearly were involved, the ENERGUIDE program is credited with a 
substantial proportion of the responsibility for the change (Tryfos and Fenwick, 1984, 


p- 59). 


A WATERGUIDE program would be an ideal lead to a next step, revision of 
plumbing regulations, which would require some discussion and time to implement. 
(b) Request the Canadian Standards Association to Develop a "Water 
Conservation" Standard for Shower Fixtures 
While a “water conservation" standard has been developed for water closets as 
discussed above in section 4.3.1, and while installation of low-flow showerheads can 


reduce per capita consumption significantly (section 3.3.1), a complementary "water 


conservation" standard has not yet been developed for the latter. 


While showerheads are covered in CSA Standard B125, the requirements are not 
very well related to code requirements for water flow and pressure in the distribution 
system (Beach, 1985). Development of a new standard based on flow rates and 


pressures is somewhat more difficult when the existing standard is not clearly 


consistent internally. 


Nevertheless, existence of such a standard could be used in modification of 
plumbing regulations (above) or in standards for an incentive program for installation 
of water-efficient fixtures (section 4.3.1). 

(c) Revision of the Canadian Plumbing Code to Incorporate Provisions to Require 
Low-Use Fixtures 

The Canadian plumbing code serves as a model plumbing code for the entire 
country. Environment Canada and the National Research Council could work to 
propose limitations as to where fixtures which are not "conservation type" may be 
used, i.e. where resource efficiency and its economic effects may be less desirable. 
There is precedent for this: the use of one type of water closet is already restricted 
(Beach, 1985). In the short term, there may be relatively few limitations. In the 
longer term, if concerns about water use and cost escalate, the “conservation type” 
might become the norm. In any Case, this approach ensures that provision exists for 


local circumstances, yet the code remains based on CSA standards. 


5.2.8 Inter-Governmental Support 


Closer inter-governmental consultation and support for provincial initiatives 
under provincial jurisdiction is also recommended. Example initiatives are policy 
research with respect to: 

l. Potential changes to provincial legislation governing new irrigation 
development, e.g., formula for farmer contributions, formula for water 
prices and quantities, formula for regional improvement taxes, etc. 

De Potential changes to provincial legislation governing the use of frontier 


lands made available to new farmers, e.g. Caveats to avoid environmental 


= )9> = 


degradation. (This has a U.S. precedent in frontier agricultural areas in 


Alaska). 


These opportunities might be particularly relevant where no legal precedents had 


to be overturned. That is, they would not apply to existing resource users, only to 


new users. 
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Study Terms of Reference 


OBJECTIVES 


To describe existing and _ potential applications of demand 
management to municipal, industrial and agricultural water uses; 
and to recommend means and advantages of incorporating them more 
widely into Canadian water management practices. 


Tasks: 


1. to describe the range of demand management measures which have 
been or could be applied in Canada to reduce the rate of 
growth in water use, including measures for recyeling; 
reclamation, recovery and reduction at source. 


25 §to assess the socioeconomic, environmental, and legal 
implications of such measures. 


3. to indicate the advantages of and obstacles to integrating 


demand and Supply-oriented water management. 


Can encourage greater application of water demand management 
in Canada, taking into account its jurisdictional limitations. 


Figure 1.3: Integrated Demand and Supply 
| Management System 
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the clear separation of water supply and wastewater treatment as management areas 


no longer exists. Measures affecting the use system will have effects on both areas. 


To avoid problems of suboptimality in a water/wastewater system, it can be seen 
that the entire system must be managed together. Figure 1.4 is illustrative of an 
agricultural or municipal system. It consists of at least six subsystems: water supply, 
water treatment, water distribution, water use, wastewater collection, and 
wastewater treatment. In such a system, water from various sources enters the 
supply subsystem and leaves from others including the wastewater treatment 


subsystem. From the latter it is discharged to receiving waters. 


As an example of improved optimality, a measure which reduces water demand 
may not just avoid augmenting supply, but may defer wastewater treatment expansion 


as well (Howard-Ferreira and Robinson, 1980c). 


In summary, demand and supply management should be integrated to avoid 
suboptimality, and this leads naturally to integration of water and wastewater system 
management as well. Integrating demand management in this way should not be seen 
as anti-development, but rather as focussing on rational water use, including socially 


beneficial reductions in consumption, and putting scarce resources to more economic 


use (Tate, 1984, p. 6). 
1.4.3 In What Sectors is Integration Important? 


Managing water demand is often associated with the residential sector, primarily 
due to disproportionate amounts of effort and publicity in that area. However, a 
review of the reasons for considering demand management (section 1.3), and of how it 


should be integrated in water system management (sections 1.4.1 and 1.4.2), reveals 
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